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FOREWORD. 


The death of Sir Jocelyn Thorpe on June 10, 1940, the day of publication of 
Volume IV of the Dictionary, not only removed from the Chemical world one of its 
most distinguished members, but also created a vacancy in the Editorship of the 
Dictionary that will not easily be filled. Happily the planning of the work was so far 
advanced that the publication of Volume V has presented no insuperable difficulties, 
although, owing to the war activities of some of the contributors, certain subjects which 
normally would have been treated here will appear under modified titles in subsequent 
volumes. 

Gratitude is due to the Publishers not only for giving us priority of publication 
in spite of the difficulties due to war conditions, but also enabling us to issue with 
the volume an abridged interim index, in pamphlet form, to -the first five volumes. 
This is a list of cross references occurring under other headings which would have 
appeared as separate entries in these and later volumes had the Dictionary been 
published as a complete work. 

To our Reader, Dr. J. H. Goldsmith, we owe sincere thanks for his continued 
valuable assistance with the proofs and for many useful suggestions. We wish also 
to express our appreciation of the care and skill exhibited by the printers and draughts- 
men in the setting up of this volume. 

When, owing to war conditions, the work of the Dictionary could no longer be 
carried on in London it was transferred to the University Chemical Laboratory, 
Cambridge, where a room and library facilities were afforded by the Management 
Committee, to whom grateful acknowledgment is made. 


CWBEIDGE, 
July, 1941. 


M. A. WHITELEY. 
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J Exp Med 
J Faculty Set Tokyo 
J Franklin Inst 
J Fuel Soc Japan 
J Oen Chem Russ 

J Oen Physiol 
J Qed 

J Oeot Soc Tokyo 
J Hygiene 
J Ind Uyg 
J Indian Chem Soc 
J Indian Inst Set 
J Inst Brew 
J Inst Fuel 
J Inst Metals 
J Inst Petroleum Tech 
J Inst Sewage Punf 
J Iron and Steel Inst 
J Jap Ceram Assoc 
J Landw 

J Manne Bid Assoc 
J Med Res 
J JJin Agnc 
J Min Agnc A Ireland 
J Aew England Water 
Works Assoc 
J A ulrihon 
J Oil Cd Chem Assoc 
J Opt Soc Amer 
J Org Chem 
J Path Baet 
J Pharm Chtm 
J Pharm Exp Ther 
J Pharm Soc Japan 
J Phys Chem Russ 

J Phys Radium 
J Physical Chem 
J rhystd . . 


Journal of Chemical Education 
Journal of Chemical Engineering, China 
Journal of Chemical Industry, USSR 

Journal of the Chemical Metallurgical, and Mining Society of South 
Africa 

Journal of Chemical Physics 

Journal of the Chemical Society of Japan (Nippon Kwagaku 
Kwai3bi ) 

Journal de Chimie physique 

Journal of the Chinese Chemical Society 

Journal of the College of Agriculture, Hokkaido Imperial University, 
Japan 

Journal of the College of Agriculture, Imperial University of Tokyo, 
Japan 

Journal of the College of Engineering, Imperial University of 
Tokyo 

Journal of the Council of Scientific and Industrial Research of 
Australia 
Journal of Dairy Research 
Journal of Dairy Science 

Journal of the Department of Agriculture of the Irish Free State 
Journal of the Department of Agriculture, Kyushu Imperial 
University 

Journal of the Department of Agriculture, South Australia 

Journal of the Department of Agriculture, Victoria 

Journal of the Department of Agriculture, Western Australia 

Journal of Econonuo Entomology 

Journal of the Egyptian Medical Association 

Journal of the Electrodepositora Technical Society 

Journal of Experimental Biology 

Journal of Experimental Medicine 

Journal of the Faculty of Science, Imperial University of Tokyo 
Journal of the Franklin Institute 
Journal of the Fuel Society of Japan 

Journal of General Chemistry, USSR ( formerly part of J Rass 
Phys Chem Soc ) 

Journal of General Physiology 
Journal of Geology 

Journal of the Geological Society of Tokyo 
Journal of Hygiene 

Journal of Industrial Hygiene and Toxicology 

Journal of the Indian Chemical Society 

Journal of the Indian Institute of Science 

Journal of the Institute of Brewing 

Journal of the Institute of Fuel 

Journal of the Institute of Metals 

Journal of the Institution of Petroleum Technologists 

Journal of the Institute of Sewage Purification 

Journal of the Iron and Steel Institute 

Journal of the Japanese Ceramio Association 

Journal fur Landwirtschaft 

Journal of the Manne Biological Association of the United Kingdom 

Journal of Medical Research 

Journal of the Ministry of Agriculture 

Journal of the Ministry of Agnculture of Northern Ireland 

Journal of the New England Water Works Association 
Journal of Nutrition 

Journal of the Oil and Colour Chemists’ Association 
Journal of the Optical Society of Amenca 
Journal of Organic Chemistry 
Journal of Pathology and Bactenology 
Journal de Pharmacie et de Chimie 
Journal of Pharmacology and Experimental Therapeutics 
Journal of the Pharmaceutical Society of Japan (Yakugakuzasshi ) 
Zhurnal Fizicheakoi Khimu {formerly part of the Journal of the 
Russian Physical Chemistry Society) 

Journal do Physique et Le Radium 
Journal of Physical Chemistry 
Journal of Physiology 
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A. Pr.-eszcZ. PctA. gir.. 
A. Pc— .cloy: . . . 

A. r~. Cr.tr-.. . - . . 


- t Jcamal de Phvmolccie et de Pathologie generals. 
. j Jcrmml cf Pcmolccy are Eortfcnltoral Science. 

. Jonmal far arakrsche Chemie. 


’ r - -Prrc. Arictie See. Ber.ecl .Jemal snd'prcceediars of th 


J. Prcc. Per. S :c. Here Sc rio I 

Whies 

J”. Err. WeJ. Fa-. Sizr.i. 

J. Per. Ayie. See. . 

J. Bey. Ec-i. Sec. . 

J. Bey. Pt'eresecc. See. _ 

J. Bey. See. W. Acstrciic 
J. Bey. Tee?. CcU. . 

J. B-Tzher Bet. ... 

J. 0 £r Seim JIzl-z*. 

J. S. Afriear. Czsrz. Ir.rt. 

J. Sez. Eireszi—,c Ur.: r. 

J. Sez. Ir.rtr. .... 

A. Sez. i ter.. Ir.zic . 

J. Sect. Eet. Sec. 

J. Sec. A ret .... 

A. Sec. C-erz. Ire. Ac car 

J. See. Been erzi Cel. . 

J. Sec. den Tee?,. . 

A. See. Laei?.er Trz.ee 

Crecrz 

A. Sect?.- Ed. Ac—Ze. CcZZ. 

A. Si-ete Pei. ... 

A. Teat. Ir.it. ... 

A. Uric. Be— Scry 
A. Ucirsj Czz 
A. Wc.ir.P-.eeer, Acre. Sez. 

A. West SectZazi Irer. Steel 
Ir.it. .... 

A Ere. yecl. Bez.er.icr.Ti. 

Ac?-. JAP. Be.zl.-Ei. 


Asiatic Society of BengaL 
Jcamal and Proceedings of the Acstralian Chemical fnsth 


A cere. BciiccBiic. . 
Acr.re. zze-ie. B-et. 

A ccac. A. Sled. S ez. 
Acecr. A. Pc.yiz.es . 
Ac cm. TzsszZ Etc. . 



Lcr.ec. Acr.re. ... 
Iar.e.c. V erzzcas-Sici. . 
Iccecr Setlie.e Bes. Per. 

Tee?,. Pacer ... 
PcZzy. Aerie. A. . . 

JEf css. Ayie. hey. Sic. ±n£ 
Paieric Fleet. ... 
JAtcc. K. V stirs azcschei 
TcceZ-Ir.tt. ... 
Pen.. Acres.- lAraei . . 


Per-.. Acaei. SB. Tcrir.o 
Peer,. CcU. Aerie. Kyoto 

J Zerz. Cell. Sez. Kyoto . 
Peer.. Deri- Aerie. Bviic 



al sad Prcc esc — as of tre Boys! Society of JN e~ South Wales, 
si o; Research of the B stioral Berea a of Standards. 


cf the Boyal Agricrlmral Sects _ 

:al cf the Boyal Ecrticrlrcral Society, 
ai cf the Royal Jlicrcscogical Society, 
al of the Royal Society of Western Austr alia , 
al cf the Royal Technical College (Glasao— ). 
ai cf Rather Research. 

al cf the Ratter Research Irstitnre of ITalays. 

Jcaraal cf the Scrth African Chemical lastitaie. 

Jcamal of Science of the Hir o shim a University. 

■' Jonmal cf She nee and Techrolonv, India 
I Jcamal cf the Scottish Weteorologfcal Society. 

I J carnal cf the Royal Scciety of Arts. 

j J carnal cf the Sc<hety cf Chemical Industry, Japan. (Kcc 
Jx-vagskn Zasshi.) 

J camal of the Scciety cf Dyers and Colo mists . 

Jonmal of the Stcierv cf Glass Techno Iorv_ 


• c Cd 

i Jot 


ml of the International Scciety of Leather Trades’’ Chemists, 
al of the Sonth-Eastem Agrfmltnral CoFege. Wye, Kent, 
ml of State Hedicfre. 


i e u 

1 Jc 


ral of the Textile Institnte. 
ml of the university of Bombay . 
ml des Usines a Gan. 


Jc 


ml of the Wash fasten Academy of Sciences. 


Jonmal cf the West of Scotland Iron and Steel InstitTite. 

J ahr hath der geoloaischen Reichsanstalt. 

Xenes Jam cam Sr Emeralccie. Geologie end PaJaeontoIogie, 
Befmgc- Band. 

Jahrescerimte £her die Forischrirte der Cheraie tmd vervandter 
There sndersr Wisseaschaftea. 

Jaaaaese Jonmal of Wedical Sciences. 

Japanese Jonmal cf Physics. 

Jaran Sicke! Revie~. 

Kali, vervardte Sake tmd ErdceL 

Urrrerstrv of Kentrcky Agrlcrkrral Experiment Station. Lextag- 


KoFoid-Bemefte. 

KoFoidavi Zhnmal (CbFcid ommal. Ufi.SiR.}. 

Le Last, 
are Lanc et. 

p-T — r pi rta ohaf tE che Jahr cachet. 

Dm Iandvirtsch aftEchen Versachs-Btationen. 

Lcadaa Shellac Research B areata Technical Paper. 
Ealavan * gn cnttna al JcramaL 

OTsssschnsetts Aamcaitaral rxperiment Station, BaEeiE 


. Ktami-Uetenskaps 


Eaterie Plastiche. 

VrA rPrrn-— : _ 

Eemcrie ce "a Reale Accademia isaaionale dei l.mceL 
Eemorie della Reale Accademia delle Scfe -r e di Torino. 

ITemoirs cf the CoFege of Agricaltnre, Kyoto 

ITeraoirs of the Cohere of Science. Kyoto Imperial University. 
Heatoirsof the Department of ^Agricnltare in India [cisccr.lir.vii 1550). 


; B ohel Instit 
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Off. Digest 

Ohio Agric. Exp. S'a. Bull. 

"Oil and Gas J 

OHahorr.a Agric. Exp. Sta. 

Bun 

(5/e, Fette, Wdd.se . 

Osterr. Chem.-Ztg. . . . 

Orersigi DansLe Vid. SclsJ:. 


Be v. 


Pacific Pulp and Paper Ind. 
Paint and Far. Prod. Man. 
Paint Manuf. 

Paint, Oil, and Chem 
Paint Tech. . . 

Paper Ind. . 

Paper-Maker 
Paper Trade J. 

Papier-Fabr. . 

Pcint., Pig., Ver. 

Perf. <£- Essen!. Oil Bee. 
Petroleum 
Pfiugers Archiv . 

Pharm. J. . 


Pham. WccJAlad 
Pharm. Zeniralh. 


Pharm. Zig. . 
Philippine Agric. 
Philippine J. Sci. 
Phil. Mag. 

Phn. Tram. . 
Phot. Ind. 

Phot. J. . . . 

Phot. Korr. . 


Phvsica . . . 

Physical Be r. 

Physics . . . 

Physibal. Z. . . 

Physil.nl. Z. Sovietunion 
Plant Physiol. 

Planta (Z. ides. Biol 
Plasi. Massi . 


Poultry Sci 

Proa. Acad. Sci. Agra and 
Oudh 

Proc. Amer. Acad. Arts Sci. 
Proc. Amer. Gas Assoc. . . 

Proc. Amer. Phil. Soc. . . 

Proc. Amer. Physiol. Soc. . 
Proc. Amer. Soc. Biol. Chem. 
Proc. Amer. Soc. Test. Mat. 
Proc. Austral. Inst. Min. 

Met 

Proc. Camb. Phil. Soc. . 
Proc. Chem. Eng. Group 

Proc. Durham Phil. Soc. 
Proc. Eng. Soc. IT. Pa . . . 

Proc. Imp. Acad. Tokyo 
Proc. Indian Acad. Sci. 
Proc. Inst. Mech. Eng. . 
Proc. Internal. Ccma. Soil 
sci. 

Proc. Internal. Soc. Soil 
Sci. 

Proc. K. Ahad. Wetensch. 
Amsterdam 

Proc. Leningrad Dept. Inst. 
Pert. ...... 


Official Digest of the Federation of Paint and Varnish Production 
Clnbs. 

Ohio Agricnltnral Experiment Station Bulletin. 

Oil and Gas Journal. 

Oklahoma Agricnltnral Experiment Station Bulletin. 

Ole, Fette, Wachse, Seife, Kosmetik. 

Osterreichische Chemiker-Zeitnng. 

Orersigi over det Kongelige Danske Videnskabemes Selskabs 
Virksomhed. 

Pacific Pulp and Paper Industry. 

Paint and Varnish Production Manager. 

Paint Manufacture. 

Paint, Oil, and Chemical Review. 

Paint Technology. 

Paper Industry. 

Paper-Maker and British Paper Trade Journal. 

Paper Trade Journal. 

Papier-Fabrikant. 

Peintures, Pigments, Vemis. 

Perfumery and Essential Oil Record. 

Petroleum (Vienna). 

Archiv fur die gesamte Physiologie des Menschen und der Tiere. 
Pharmaceutical Journal. 

Pharmaceutisch Weekblad. 

Pharmazentische Zentralhalle. 

Pharmazeutische Zeitrmg. 

Philippine Agriculturist. 

Philippine Journal of Science. 

Philosophical Magazine (The London, Edinburgh, and Dublin), 
Philosophical Transactions of the Royal Society of London. 
Photographische Industrie. 

Photographic Journal. 

Photographische Korrespondenz. 

Phvsica. 

Physical Review. 

Physics ( now Journal of Applied Physics). 

PhysfkaHsche Zeitschrift. 

Physikalische Zeitschrift der Sov ietnnion. 

Plant Physiology. 

Planta (Zeitschrift fur wissenschaftliche Biologie). 

PlastitscheMe Massi (in 1935 merged in Organic Chemical Industry, 
U.S.S.R.). 

Poultry Science Association, U.S.A. 

Proceedings of the Academy of Sciences of the United Provinces of 
Agra and Oudh, India. 

Proceedings of the American Academy of Arts and Sciences. 
Proceedings of the American Gas Association. 

Proceedings of the American Philosophical Society. 

Proceedings of the American Physiological Society. 

Proceedings of the Am erican Society of Biological Chemists. 
Proceedings of the American Society for Testing Materials. 

Proceedings of the Australasian Institute of Minin g and Metallurgy. 
Proceedings of the Cambridge Philosophical Society. 

Proceedings of the Chemical Engineering Group of the Society of 
Chemical Industry. 

Proceedings of the University of Durham Philosophical Society. 
Proceedings of the Engineers’ Society of Western Pennsylvania. 
Proceedings of the Imperial Academy, Tokyo. 

Proceedings of the Indian Academy of Sciences. 

Proceedings of the Institution of Mechanical Engineers. 

Proceedings of the International Congress of Soil Science. 

Proceedings of the International Society of Soil Science. 

Koninklijke Akademie van Wetenschappen te Amsterdam. Pro- 
ceedings (English version). 

Proceedings of the Leningrad Departmental Institute of Fertilisers. 
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Proc. Muslim Assoc. 

Proc. Nat. Acad Sci. . . 

Proc. Nova Scotian Inst. Sci. 
Proc Pktl. Soc. Glasgow 
Proc. Physical Soc. . 

Proc. Physiol. Soc. 

Proc. Roy. Inst. . . . 

Proc. Roy. Irish Acad. . . 

Proc. Roy. Soc . . . 
Proc Roy. Soc. Edtn 
Proc. Roy. Soc. Med 
Proc Roy. Soc. Queensland 
Proc. Roy. Soc. Tasmania . 
Proc. S 1 Tales Inst. Eng 
Proc Sci. Assoc., Vtzi ana- 
gram 

Proc. Soc. Biol Chem India 
Proc. Tech. Sect. Paper 
Mahers' Assoc. 

Proc . 0 .8. Nat. Mus 
Przemysl Chem. . 

Publ. Fac Sci Univ. 
Masaryk 

Pulp and Paper Mag 
Canada 

Quart. J. Exp. Physiol 
Quart. J. Qeol Soc 
Quart. J. Med . . . 

Quart. J Pham. 

Queensland J. Agnc. 

Rayon Text Month 
Rec. Australian Mus. 

Rec. trav. bot. Nlerland. 

Rec trav chim . 

Refiner ... 

Rend. Accad. Sci Fis Mat 
Napoli 

Rend. 1st. Lomb. Sci. Lett . 
Rensselaer Pdyt. Inst Bull. 
Rep. Aust. Assoc Sci . . 

Rep. Brit Assoc 


Proceedings of the Muslim Association for the Advancement of 
Science. 

Proceedings of the National Academy of Sciences. 

Proceedings of the Nova Scotian Institute of Science. 

Proceedings of the Glasgow Philosophical Society. 

Proceedings of the Physical Society of London. 

Proceedings of the Physiological Society. 

Proceedings of the Royal Institution of Great Britain. 

Proceedings of the Royal Irish Academy. 

Proceedings of the Royal Society 
, Proceedings of the Royal Society of Edinburgh. 

Proceedings of the Royal Society of Medicine. 

Proceedings of the Royal Society of Queensland. 

Proceedings of the Royal Society of Tasmania. 

Proceedings of the South Wales Institute of Engineers 
Proceedings of the Science Association, Maharajah’s College, 
Vizianagram 

Proceedings of the Society of Biological Chemists, India. 
Proceedings of the Technical Section of the Paper Makers’ Associa 
tion of Great Britain and Ireland. 

Proceedings of the United States National Museum, 

Przemysl Chemiczny. 

Publications do la Faculty des Sciences de I' University Masaryk 
(Spisy vydavan6 PrirodovSdeckou Fakultou Masarykovy 
University). 

Pulp and Paper Magazine of Canada 
Quarterly Journal of Experimental Physiology. 

Quarterly Journal of the Geological Society. 

Quarterly Journal of Medicine 

Quarterly Journal of Pharmacy and Pharmacology. 

Queensland Agricultural Journal 
Rayon Textile Monthly. 

Records of the Australian Museum. 

Recueil des travaux botaniques Nderlandaises 
Recueil des travaux chimiques des Pays-Bas 
Refiner and Natural Gasoline Manufacturer 

Rendiconto dell’ Accademia della Scienze Fistohe e Matematiche, 
Napoli. 

Rendiconti della Reale Istituto Lombardo di Scienze e Lettere. 
Rensselaer Polytechnic Institute Bulletin 

Reports of the Australasian Association for the Advancement of 
Science 

Reports of the British Association for the Advancement of 
Science. 


Rea. Stud. State CoU. Wash- 
ington . 

Rev. Aluminium 
Rev. Chim. Ind. 

Rev. Chim. pura appl 

Rev. Comb hq 
Rev. Fac. Qutm Ind Agnc 
Rev Gin Mat Col. . . . 

Rev. Mil . . 

Rev. Mod. Physics . 

Ret Quim Farm 
Rec Set. Instr. . 

Rocs. Chem. 

Rubber Chem A Tech . 
Shorn. Trvd. U brain Chim 
Inst Odessa 

Sei. Agne 

Sci. and Cult. . . . 

Sci. Ind Rep. Roure 
Bertrand FUs . 

Set. Mem. Vniv. Saratov 
Sei. Papers Inst. Phys Chem. 
Res. Tokyo 

Sc%. Proc. Roy Dublin Soc 


Research Studies of the State College of Washington. 

Revue do 1’ Aluminium 
Kevista de Chimica Industrial 

Re vista de Chimica pura e appheada, Orgao de Sociedade Portu- 
gnSsa de Quimica e Fisica 
Revue des Combustibles liquides 

Revista do la Facultad de Quimica Industrial y Agricola. 

Revue Gdndrale des Matures Colorantes 
Revue do Mdtallurgie 
Review of Modern Physics 
Revista de Quimica e Farmacia 
Review of Scientific Instruments. 

Roczniki Chemji organ Polshiego Towarzystwa Chemicznego 
Rubber Chemistry and Technology. 

Sbomik Trudov Uknunskogo Nautschno-Issledova-Telskogo 
Chimitscheskogo Institute Odessa. ’ 

Scientific Agriculture 
Science and Culture. 

Scientific and Industrial Reports of Roure Bertrand Fils, 

Scientific Memoirs of tbo University of Saratov. 

Scientific Papers of the Institute of Physical and Chemical Research 
Tokyo. 

Scientific Proceedings of tho Rojal Dublin Society. 
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Sci. Quart. Nat. Unit'. Peking 
Sci. Rep. Hiroshima Tech. 

Sch 

Sci. Rep. T6hoku 
Sci. Rep. Tsing Hua Univ. 
Sci. Sect. Nat. Paint, Tar. 
Assoc. Circ. 

Sci. Trans. Roy. Dubl. 

Soc 

Scot. J. Agric 

Seifcns.-Ztg 

Seicage Works J. ... 
Sitzungsber. Al.-ad. ll'iss. 

Wien 

Sitzungsber. Heiielberger 

Akad. ITIfS 

Sitzungsber. Preuss. Akad. 

Kiss. Berlin 
Smithsonian Misc. Coll. 

Soap 

Soap Trade Rev. 

Soil Res 

Soil Sci 

Sprechsaal 

Stahl xi. Eisen .... 

Stain Tech 

Staz. sper. agr. ital. . 

Steam Eng 

Sugar Bull 

Suomen Kem 

Scensk Kem. Tidslm. 
Tasmanian Agric. J. . . 

Tech. Mitt. Krupp . 

Tech. Publ. Tin Res. Counc. 

Tech. Rep. Tdholni . . . 

Teer xt. Bitumen .... 

Tel.-n. Tidsh 

Textilber. 

Tide. Kjemi 

Tonind.-Zlg 

Trans. Amer. Inst. Chem. 

Eng 

Trans. Amer. Inst. Metals . 
Trans. Amer. Inst. Min. 
Met. Eng. 

Trans. Amer. Soc. Mech. 

Eng 

Trans. Amer. Soc. Mel. 
Trans. Canad. Inst. Mining 
Met. 

Trans. Ceram. Soc. . 

Trans. Electrochem. Soc. 
Trans. Faraday Soc. 

Trans. Inst. Min. Eng. . 
Trans. Inst. Min. Met. . 
Trans. Inst. Blast. Ind. . 
Trans. Inst. Rubber Ind. 
Trans. N. Eng. Inst. Min. 
Mech. Eng. 

Trans. New Zealand Inst. . 

Trans. Nova Scotian Inst. 

Sci 

Trans. Roy. Irish Acad. 
Trans. Roy. Soc. Canada 
Trans. Roy. Soc. Edin. . 
Trans. Roy. Soc. S. Africa . 


Science Quarterly of the National University of Peking. 

Scientific Reports of the Hiroshima Higher Technical School. 
Science Reports, Tohoku Imperial University. 

Science Reports of the Na tional Tsing Hua University. 

Scientific Section, National Paint; Varnish, and Lacquer Association, 
Inc., Circulars. 

Scientific Transactions of the Royal Dublin Society. 

Scottish Journal of Agriculture. 

Seifensieder-Zeitung. 

Sewage Works Journal. 

Sitzungsberichte der Akademie der Wissenschaften in Wien. 

Sitzungsberichte der Heidelberger Akademie der Wissenschaften. 
Sitzungsberichte der Preussischen Akademie der Wissenschaften zu 
Berlin. 

Smithsonian Miscellaneous Collections. 

Soap. 

Soap, Perfumery and Cosmetics. 

Soil Research. 

Soil Science. 

Sprechsaal fur Keramik-Glas-Email. Fach- und Wirtschaftsblatt fur 
die Silikat-Industrien. 

Stahl und Eisen. 

Stain Technology. 

Stazioni sperimentali agrarie italiane ( discontinued 1926). 

Steam Engineer. 

Sugar Bulletin. 

Suomen Kemistilehti ( formerly until 1935 Acta Chemica Fennica). 
Svensk Kemisk Tidskrift. 

Tasmanian Journal of Agriculture. 

Technische Mitteilungen Krupp. 

Technical Publications of the International Tin Research and 
Development Council. 

Technology Reports of the Tohoku Imperial University, Sendai, 
Japan. 

Teer und Bitumen. 

Teknisk Tidskrift. 

Melliand’s Textilberichte. 

Tidsskrift for Kjemi og Bergvesen, Oslo. 

Tonindustrie-Zeitung. 

Transactions of the American Institute of Chemical Engineers. 
Transactions of the American Institution of Metals. 

Transactions of the American Institute of Mining and Metallurgical 
Engineers. 

Transactions of the American Society of Mechanical Engineers. 
Transactions of the American Society of Metals. 

Transactions of the Canadian Institute of Mining and Metal* 
lurgy. 

Transactions of the Ceramic Society. 

Transactions of the Electrochemical Society. 

Transactions of the Faraday Society. 

Transactions of .the Ins titution of Mi n i ng Engineers. 

Transactions of the Ins titution of Minin g and Metallurgy. 
Transactions of the Institute of the Plastics Industry. 

Transactions of the Ins titution of the Rubber Industry . 
Transactions of the North of England Institute of Mining and 
Mechanical Engineers. 

Transactions of the New Zealand Institute ( since 1934 Royal Society 
of New Zealand). 

Transactions of the Nova Scotia Institute of Science. 

Transactions of the Royal Irish Academy. 

Transactions of the Royal Society of Canada. 

Transactions of the Royal Society of Edinburgh. 

Transactions of the Royal Society of South Africa . 
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Trans Saratov Untv 

Trop Ague 

Trap Agrtc (Trtmdad) 

Tsch Mtn 3Iitt 

U 8 Bur Mines, Bull 
Tech Papers, and P.ept 
Imest 

U 8 Bur Plant Jnd 
US Dept Ague Bull (or 
Ctrc ) 

U 8 Hyg Labor Bull 
USP 

UJ8 Publ Health Hep 
Ukrain Btochem J 
Ukratn Chtm J 
Union S Africa Dept Agrtc 
Bull 

Untv Illinois Bull 

Utah Ague Coll Exp Stat 
Bull 

Vtrh Oeol Beichsanst Wien 
Verb Ots deut Balurforsck 
Acute 

Vermont Ague Exp 8ta 
Bull 

Verre el Silicates Ind 
Vet J 
Vet Bee 

Virginia (Blacksburg) Exp 

Welsh J Ague 
IFim Veroff Siemens 
Werlen 
IFocA Brau 
H orltTs Paper Tr Bet 
Z angeur Chem 

Z anal Chem 
Z anorg Chtm 
Z Bid 

Z deut Oed Ots 
Z EUktroehem 
Z Fltisth Milch Hyg 
Z gts Brauw 
Z gts exp Med 
Z gts Salumciss 
Z gts Schtess it 8preng 
stofjic 
Z Uyg 
Z Rrxsl 
Z Mctallk 
Z Parastltnk 
Z Pfianz DQng 

Z Pfianz enlr Pfianz* n 

sJiuL. 

Z Phynk 
Z phynkal Chtm 
Z phyttlal thtm CJtiltrr 
Z physid Chem 
Z pr Gtd 
Z Spintusind 
Z U filer i Lebensm 
Z ] <r deut Ing 
Z \tr deut Zucter Ind 

Z l itammforteh 


Transactions of the Saratov University (Gelehrte Notizen der 
Saratover Staats Umversitat) 

Tropical Agnculfcunst Ceylon 
Tropical Agriculture (Tnnidad) 

Mmeralogische und Petrographische Mitteilungen (Zeitschrift fur 
Knstallographie Mmeralogie, und Petrograpbie, Abteilong B) 
United States Bureau of Mines, Bulletins, Technical Papers, and 
Reports of Investigations 

United States Bureau of Plant Industry, Department of Agriculture 

United States Department of Agriculture, Bulletins (or Circulars) 

United States Public Health Service Hygienic Laboratory Bulletins 

United States Patent 

United States Public Health Reports 

Ukrainian Biochemical Journal 

Ukrainian Chemical Journal 

Union of South Africa Department of Agriculture, Bulletins 
University of Illinois Agricultural Experimental Station, Bui 
letm 

Utah State Agncul ural College Experiment Station, Bulletin 
Verhandlungen dei Geologisohen Bundesanstalt m Wien 
Verhandlungen der Gesellschaft deutscher Naturforscher und 
Aerzte 

University and State of Vermont Agricultural Experiment Station, 
Bulletin 

Verrea et Silicates Industnela 
Veterinary Journal 
Veterinary Record 

Virginia Polytechnic Institute, Blacksburg Experiment Station, 
Bulletin 

Welsh Journal of Agncnlture 

Wissenschaftbche Veroffenthchungen aus den Siemens Werken 
Wochenschnft fur Branerei 
World s Paper Trade Review 

Zeitechnft fur angewandte Chemie (in 1932 changed to Angewandte 
Chemie) 

Zeitschrift fur analytische Chemie 

Zeitschnft fur anorgamsche nnd allgemeine Chemie 

Zeitachnft fur Biologie 

Zeitschrift der deutschen Geologischen Gesellschaft 
Zeitachnft fur Elektrochemie 
Zeitschrift fur Fleisch nnd Milch Hygiene 
Zeitschrift fur das gesamte Brauwesen 
Zeitschnft fur die gesamte expenmentelle Medizin 
Zeitschnft fur die gesamte Natnrwissenschaft 


Zeitschnft fur das gesamto Schiess und Sprengstoffwesen 
Zeitschnft fur Hygiene und Infektionskrankheiten 
Zeitschnft fur Knstallographie 
Zeitschnft fur Metallknnde 
Zeitschnft fur Parasitenkunde 

Zeitschnft fur Pflanzeneruahrang Dungnng, nnd Bodenkunde 
(title 1036 changed to Bodenkunde und Pflan 2 enemahrong) 
Zeitschnft fur Pflanzenkrankheiten (Pflanzenpathologie) und 
Pflanzenschutz 
Zeitschnft fur Physik 
Zeitschnft fur physikalische Chemie 

Zeitschnft fur den physikalischen nnd chemischen Unterncht 
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FEHLING'S SOLUTION r. Babbeswil’s 
SoLimos (Yol. I, 6iSd). 

FEIGL’S TEST r. Absebic (Yol. I, 471c). 

FELDMANN STILL r. Awuobia (Yol. I, 
3456). 

FELITE v. Build exg ALateeials (Yol. H, 
1416). 

FELLIC ACID v. Bile (Yol.- 1, 690a). 

FELSITE v. Chesa-Stoke (Yol. Ill, 32 d). 

FELSPAR or FELDSPAR. (Fr. 
Feldspath ; Ger. Fddspath, Feldspat; from the 
Swedish Fdtspat or Fallspat, meaning “ field- 
spar.”) The original form of the name, as 
given by D. Tilas in 1740, is fddtspal (X. 
Zenzen, Geol. For. Forh. Stockholm, 1925, 47, 
390). A large isomorphous group of important 
rock-forming minerals consisting of alumino- 
silicates of alkalis (potassium and sodium, rarely 
rubidium, cesium and lithium) and alkaline 
earths (calcium, and less often barium). They 
include polysilicates or trisilicates of the type 
R'AISi 3 O g , and orthosilicates of the type 
R"AI„(SiO.) 2 . The principal molecules repre- 
sentingtheend-membersoftheisomorphous series 
are KAlSi 3 O g (Or=orthoclase), NaAlSi 3 O g 
(Ab=albite), and CaAI,Si 2 O g (An=anorthite). 
Others of less importance, or whose existence 
is only assumed on theoretical grounds, are 
BaALSioOg (Ce=celsian), Na 2 Al 2 Si 2 O g (Cg 
=camegieite), and RbAlSr 3 O g (rubidium- 
microdin e). 

The felspars are divided crystallographically 
into two series, the monoclinic (or oblique) 
felspars and the triclinic (or anorthic) felspars. 
But, although these belong to different systems 
of crystallisation, they resemble one another 
closely in habit, cleavage, and general crystallo- 
graphic characters. Am important feature of 
all felspars is the existence of good cleavages 
in two directions ; the more perfect one being 
parallel to the basal pinakoid c(001), whilst the 
second is parallel to the dinopinakoid or plane 
of symmetry 6(010) in the monoclinic felspars, 
and parallel to the corresponding brachypinakoid 
6(010) in the triclinic felspars. In the mono- 
dime system these two cleavages are necessarily 
at right angles (90"), and the felspars belonging 
to this system are consequently described as 
orthoclastic felspars; whilst in the triclinic 
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system the cleavage angle 6c varies slightly from 
a right angle (in anorthite 6c=85° 50', and in 
albite 6c=86° 24'), and for this reason these 
felspars are called plagioclastic felspars, or 
simply plagioclase. To Ihese two series may 
be added a third — pseudo-monodinic series — 
the members of which are shown by their optical 
characters to be triclinic, but in the external 
form of their crystals they do not differ from 
those of the monodinic series and the cleavage 
angle 6 c does not differ appreciably from 90°. 
The several members of these three series of 
felspars are set out in the following table : — 



Monodinic 

series. 

Pseudo- 

monoclinic 

series. 

Triclinic 

series. 

KAISi 3 O s 

Orthoclase 

3D crocline 

— 

I7lKAISr 3 O s \ 
tjNaAISi 3 O s J 

Soda- 

orthoclase 

Anoitho- 

dase 

— 

NaAlSijO s 

Barbierite 

Cryptodase 

Albite 

mNaAISi 3 O s 1 
nCaAl^i,O c f 

— 

— 

/ Oligodase, La- 
\ bradorite.etc. 

CaAI.Si,O s 

— 

— 

Anorthite 

NsjAIjSijO^ 

— 

— 

Camegieite 

BaALSuO* 

Celsian 

■ 

— 

jaBaALSUOs \ 
nKAlSi s O g / 

Hj-alo- 

phane 

— 

— 


The only members of practical importance - 
are the potash-felspars, orthoclase and micro- 
cline (which, as noted below, are perhaps really 
identical) ; the soda-felspar, albite ; the lime- 
felspar, anorthite; and the soda-lime-felspars, 
oligodase, andesine, lahradorite and bytownite. 
All of these, with the exception of potash- 
felspar, belong to the isomorphous group of 
plagioclase-felspars of which albite and anor- 
thite are the end-members. The limits of 
composition usually assigned to these are : 

SIOo Ai.O s Ni.O CaO 


-Ah. An- 6S-7 19-5 11-8 

^ lte . 5Ab 6 Am 64-9 22-1 10-0 

Oligodase <2 b ^ 62 . 0 24-0 

t ^ALA ni 55-6 2S-3 

Labradonte<J b D 49 . 3 32 . 6 

Bytownite <2gD 3 46 . 6 34 . 4 

Anorthite 43 . 2 36-7 


8- 

5-7 

2-8 

1-6 


3-0 

5-3 

10-4 

15-3 

17-4 

20-1 
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A character which always enables the plagio 
clase felspars to he readily recognised is the 
invariable presence of lamellar twinning ae 
cording to the albite law This is shown in 
thin {sections of rocks when examined in polarised 
light by the handing due to the different direc 
tions of extinction in alternate lamellae In a 
hand specimen it is shown on the basal plane 
c(001), and on the perfect cleavage parallel to 
this face, by a system of fine strife parallel to 
the edge of intersection of the two cleavages 
These strife can usually he detected with the 
aid of a pocket lens when the cleavage surface 
is held at a suitable inclination to the light, 
and two sets of reflections can be obtained in 
albite inclined at 7° 12', and in anorthite at 
8° 20 Albite twinning is not present in ortho 
clase, but is present in rmcrochne, though in this 
case the stria are not evident on the cleavage 
surface This difference often affords a ready 
means oi dis’iingms’nmg at sig’tA a potash ie\spa 
from a soda lime felspar In microchne there i 
also a second lamellar twinning according t 
the pencline law, which, m conjunction wit 
the lamellar albite twinning, produces a very 
characteristic cross hatched structure, some 
times to be seen on the basal plane of crystals, 
but \ery evident when thin sections are 
examined in polarised light , this being, indeed, 
often the only means of distinguishing micro 
chne Several other twin laws have been 
described for the felspars the important ones 
being the Carlsbad, Baveno and Manebach 
types The very common occurrence of re 
peated twinning in this group of minerals gives 
rise to the suggestion that the higher degree 
of symmetry m the monoclmic senes is merely 
the result of twinning, and that all felspars are 
really tnchnic This is obviously the cese ju 
the pseudo monoclmic series, in which, on optical 
examination, the twinning is seen to be repeated 
on a very minute scale If this became ultra 
microscopic, then the crystal could not b<? 
distinguished from a true monoclmic crystal 
The crystallographic grouping shown in the 
above table a ould then break down, while the 
chemical grouping would stand Microchip 
would then be identical with orthoclase, which* 
indeed, it is in density, refractive indices, mode 
of occurrence and its practical applications 
Some of the constants of the three most 
important Bpecies of felspar are givenin the table 
at the top of the next column 
The recognition of a mineral as felspar is 
usually evident by the cleavages, dullness of 
colour and lustre, nardness, resistance to acids* 
etc , but the discrimination of the several 
species is not alwajs so easy The optical 
characters of cleavage flakes afford a useful 
guide, and the specific gravity of fragments caO 
be readily determined in a heavy liquid with 
the aid of indicators Optical methods, with 
the aid of the universal microscope stage, have 
been much developed (M Bernhard, “ Universal 
Drehtuchmethoden Plagioklasbcstm* 

mung,” Basel, 1031 , W Nikitin, “ Die FedoroW 
Method*,” Berlin, 1930) J Szabo ( * Ueber ein® 
neue Mcthode die Feldspathe auch in Gesteinen 
tu bestimmcn," Budapest, 1876, i G A J 
Cole, “Aids to Practical Geology,” 5th ed 
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M 

o* 

oO 

z 

so 

is 

15 

Si0 2 % 

64 7 

68 7 

43 2 

A! t Oj% 

18 4 

19 5 

36 7 

CaO% 

— 

— 

20 1 

k 2 o% 

16 9 

— 

— 

Na 2 0% 

— 

11 8 

— . 


2 56 

2 62 

2 76 

Hardness 

6-6 £ 

6-6 £ 

6-6£ 

Melting point °C 

c 1150 

c 1100 

1550 

Specific heat 

0 187 

4) 197 

0 197 

Cleavage angle (6c) 

90° 

86° 24' 

85° 50' 

Optical extinction on c 

0° 

+4* 

—37® 

„ ** b 


+19° 

-36® 

Ref index (Na) a 

1519 

1529 

1 576 

„ „ P 

1 523 

1 533 

1 583 


1 524 

1 539 

1 588 

j Birefringence y - a 

0 005 

0 010 

0 012 


London 1906, 78-85) devised a method m which 
the intensity of coloration imparted to the Bun 
sen flame gives an approximate indication of the 
percentage of potassium and sodium present 
Anorthite is decomposed by hydrochloric acid 
with separation of gelatinous silica The other 
felspars are only very slightly attacked by acids 
(except hydrofluoric), alkaline solutions and 
carbonated water , but they are decomposed by 
hot alkaline solutions under pressure 

The following analyses are of I, Orthoclase 
from Norway, as used in the manufacture of 
porcelain, formula Or 78 Ab 22 II, Microchne 
(amazon stone) from Antaboka, Madagascar, 
Or 71 Ab 27 An 2 III, Albite from Amelia Co , 
Virginia, Ab 98 0r 2 IV, Oligoclase (sunstone) 
from Tvedestrand, Norway, Ab 71 An 22 0r 7 V, 
Labradonte from Ardglass, Co Down, 
Ab 33 An #2 0r B VI, Anorthite from Vesuvius, 
Ab 4 An 84 0r 2 

I II III IV V VI 
St0 2 64 98 63 55 68 44 61 30 52 33 43 96 

A1 2 O s 19 18 18 55 19 35 23 77 30 22 35 30 
Fe 2 0 8 0 33 0 34 — 0 36 0 40 0 63 

CaO trace 0 36 — 4 87 12 52 18 98 

MgO 0 25 0 10 — — _ 0 45 

K 2 0 12 79 13 90 0 43 129 0 85 0 40 

Na 2 0 2 32 3 30 11 07 8 60 3 62 0 47 
Ign 0 48 — _ _ 0 36 — 

100 33 100 10 99 89 100 09 100 30 100 19 
Sp gr — 2 58 2 61 2 66 2 71 2 76 

Felspars are of wide distribution, according 
to T W Clarke forming about 56 p o of the 
earth e crust They occur as primary con 
stituents in igneous rocks of nearly all kinds, * 
and are abundant in gneisses and metamorphio 
rocks The alkali felspars occur preferably in 
the more siliceous rocks (granite, etc ), whilst 
lime felspars are more common in basic rocks 
(gabbro, basalt, etc ) Anorthite is also found 
m certain tj pes of meteoric stones Felspars are 
1 very susceptible to alteration, being attacked 
I by carbonated, acid and alkaline waters, and 
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they give rise to a great variety of secondary 
minerals. By the action of weathering pro- 
cesses the alkalis and lime generally pass into 
solution, remaining partly in the soil, and in 
part being removed in solution to form eventu- 
ally secondary deposits of salts and limestone ; 
whilst kaolin and free silica remain behind to 
give rise to deposits of clay. 

All the naturally-occurring felspars have 
been prepared artificially, and in addition others 
containing strontium, barium and lead in place 
of calcium, or potassium in place of sodium in 
the plagioclases. The basic felspars crystallise 
readily and are easily obtained by dry fusion; 
but the alkali-felspars form extremely viscous 
glasses, and have not been crystallised by dry 
fusion without fluxes. Much experimental work 
has been done in connection] with the isomor- 
phism of the felspars and in rock synthesis (r. 
F. Fouque and A. Michel-Levy, “ Synthese des 
Mineraux et des Roches,” Paris, 1SS2 ; A. L. 
Day and E. T. Allen. “ The Isomorphism and 
Thermal Properties of the Feldspars,” Carnegie 
Inst., Washington, 1905). 

For practical purposes the felspars find 
applications in several directions. Some are 
used as gem-stones and ornamental stones. As 
a rule, these minerals are dull in colour, cloudy 
and imperfectly transparent, but certain varieties 
exhibit special optical and colour effects. 
Moonstone, a variety of orthoclase obtained 
mainly from Ceylon, displays a soft bluish milky 
sheen (glaucescenee). Somewhat similar, but 
with brighter colours, is peristerite (named from 
■ntpisrepd, a pigeon, on account of the colours 
resembling those on a pigeon’s neck), a variety 
of albite from Canada. S tinstone, or avanturine 
felspar, exhibits a metallic spangled effect, due 
to the enclosure of scales of haematite ; this is 
best shown in the oligoclase from Tvedestrand 
in Xorway, but is also met with in some other 8 
felspars. Labradorite in certain specimens, 
particularly those found abundantly as boulders 
on the coast of Labrador, are of a dull dark- 
grey colour, yet at just a particular angle with 
respect to the incident light they suddenly 
shine up with brilliant metallic colours. This 
change of colour or labradorescence is due to 
the interference of light caused by numerous 
minute enclosures in the mineraL The same 
effect is also shown by the anorthoclase in the 
augile-syenile (laurvOdte) from Laurvik and 
Fredriksvam in the south of Xorway, a rock 
much used as a polished ornamental stone. A 
clear transparent oligoclase from 31itchell Co., 
Xorth Carolina, has been cut in the brilliant form 
as a gem. Amazon-stone (g.r.) is a green miero- 
cline. (On the use of felspar as gem-stones, r. 
51. Bauer, “ Precious Stones,” transl. by L. J. 
Spencer, London, 1904.) 

The chief use of felspar in the industrial arts 
is for the manufacture of porcelain and enamel 
ware of all kinds, including electrical goods. 
For this purpose only an alkali-felspar, pre- 
ferably potash-felspar or a potash-soda-felspar, 
is employed ; the lime-felspars not being suit- 
able, since they readily crystallise. In the finest 
porcelain, felspar (10-35%) is added to the 
body, and as it fuses it firmly binds the particles 
of clay and quartz ; but it is chiefly for the 


glaze that felspar (30-50%) is added. The 
best quality is used for making artificial teeth. 
Small amounts are used by glass manufacturers, 
especially for producing an opalescent glass. 
Fused felspar forms a firm bond for emery, 
corundum and carborundum wheels. 

As an abrasive, felspar is expecially suitable 
for certain purposes. Owing to its cleavage, it 
powders to angular fragments ; and its hardness 
is about the same as that of glass. It is there- 
fore used as a cleaner and polisher of glass 
articles, and forms an ingredient of scouring 
soaps. Any felspar serves this purpose, so long 
as it is free from quartz. Labradorite from 
Duluth, Minnesota, is used as a sandpaper in 
wood-working. Other minor uses of felspar are 
the manufacture of tarred roofing material, for 
surfacing concrete, and as a poultry grit. 

A great variety of processes have been 
devised and patented for utilising felspar as a 
source of potash, but these have not been able 
to compete with the slowly-acting geological 
processes which produced the Stassfurt deposits 
from the same material. Ground felspar used 
directly as a fertiliser is slow in its action, but 
lasting. 

Commercial felspar is all obtained by quarry- 
ing veins of granite-pegmatite. This is a very 
coarse-grained rock consisting of alkali-felspar, 
quartz and mica, together with small amounts 
of tourmaline, beryl and various rare minerals. 
The same quarries are sometimes worked also 
for quartz and mica ; those of California, Maine, 
Connecticut and Madagascar yield gem-stones ; 
and those of southern Xorway small amounts of 
rare-earth minerals, e.g. monazite, gadolinite, 
euxenite and uranium minerals. The felspar 
is, as a rule, orthoclase or ruicrocline ; but veins 
of soda-pegmatite, consisting mainly of albite 
with a little hornblende, are worked in Pennsyl- 
vania. 3Iaryland, and at Yilleneuve in Quebec. 
The largest producer is the United States, 
principally along the Appalachian Mountains in 
the eastern States, and in California (r. E. S. 
Bastin, Economic Geology of the Feldspar 
Deposits of the United States, U.S. Geol. 
Survey, Bull. 420, 1910; A. S. Watts, The 
Feldspars of the Xew England and Xorth 
Appalachian States, U.S. Bureau of 3 lines. 
Bull. 92, 1916). In Canada the principal 
quarries are in Quebec and Ontario (H. S. 
Spence, Feldspar, 3Iines Branch, Ottawa, 1932, 
Xo. 731). Other large producing countries are 
Xorway, Sweden and Italy. (On Xorwegian 
deposits, see O. Andersen, T. F. W. Barth and 
0. A. Broch, Feltspat I— IT, Xorges Geol. 
Undersok. 1926-34, Xos. 12SA, 12SB, 141.) 
The sp3r should be free from iron-bearing 
minerals and mica, but the presence of 15-20% 
of quartz is not injurious for pottery. It is 
sometimes calcined before being finely ground 
and screened. 

In the British Isles there is abundance of 
available material in the pegmatite-veins 
traversing the ancient gneisses of Sutherland- 
shire. The average amount of potash in the 
microcline of this district is 12-S%, and for the 
whole rock 6-7%. A few smaller pegmatite- 
veins arc present in Cornwall ; and the well- 
known Cornish china-stone is rich in partly 
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altered felspar The discovery of a vein of red 
felspar at Belleek in Co Fermanagh led to the 
establishment of porcelain works at this locality 
The red felspar becomes white on calcination, 
the iron passing into the condition of magnetite, 
the particles of which maj be removed by means 
of a magnet Other Irish occurrences are known 
in Co Maj o and Co Donegal The abundantly 
occurring granites of Cornwall, Scotland and 
Ireland contain, on an average, about 5% of 
potash, a portion of which i« however, earned 
in the mica (p Special Reports on the Mineral 
Resources of Great Bntain Mem Geol Survej , 
vol v 1916, 2nd edit , 1917 , P G E Boswell 
British Supplies of Potash Felspar, considered 
from the Glass Making point of view, J Soc 
Glass Technology, 1918, 2, 35-71 , Felspar, Imp 
Mineral Resources Bureau London, 1920 ) 

L J S 

" fEMERGIN ” (e Vol I\ , 3306) 
FEtfCHANE 

H,C — CH — CMe 2 


157°, d 1 * 0 669, n” 1 4724, [a] D -32 12° a 
Fcnchene is readily characterised by the pre 
pa ration of the crystalline dihromide, d and 
, m p 87-SS°, dl , m p 62°. 

On oxidation with potassium permanganate 
a fenchene (I) yields l hydroxy a fenchenio acid 
(II), d and l,mp 153-154°, giving on further 
oxidation with lead peroxide c ferchoca mphorore 
(HI), d and I, mp 109-110°, b p 202°, «mi 
carbazone, m p 220-221°. On oxidation with 
nitric acid a fenchocamphorone gives cis 
apocamphoric acid (IV) a Fenchocamphorone 
is obtained also by the oxidation of a fenchene 
with ozone 


H,C— CH— CH. 


l ^ H * l 

H,i— Able— CH, 


The hydrocarbon, fenchane, C 10 H„, b p 
14G"/750 mm. dj 0 8310, n” 14412. W D 
—18° 11, has been prepared by the action of 
sodium ethoxide on d fenchone hydrazone 
(Wolff and Nolle, Annalen, 1912, 394, 97, 
Komppa and Hasselstrom, »6id 1932, 496, 164 , 
497, 116), by the distillation of the hydrazone 
with potassium hydroxide (Kishner, J Russ 
Phys Chem Soc 1911, 43, 684) and by the 
reduction of a fenchene dibronude (Qvist, 
Annalen, 1918, 417, 293) It yields on nitration 
a mixture of 2 and 6 ni trofenchanea (Nametkin, 
J Russ Phys Chem Soc ,1915, 47 1590 ) 

J L S 

FENCHENES By the removal of hydro 

f en chloride from fenchyl chloride, prepared 
y the action of phosphorus pentachlonde on 
fenchol, Wallach (Annalen, 1891, 263, 129, 
1695, 234 331 , I8DS, 300, 294, 319) prepared 
an optically inactive hydrocarbon, C, 0 H 1# 
b p 158-160°, designated fenchene Subse 
quent investigations by Wallach and by many 
others (Wallach, i6id 1908, 362, 186, Aschan, 
Ber 1007, 40, 2750, Annalen, 1912, 387, 1, 
Komppa and Emtikka, Ber 1914 47, 936, 
Komppa and Rosehier, Annalen, 1929, 470 
129, Qvist, i6id 1918, 417, 2SS, Ruzicka and 
Liebl, IJelv Chim Acta, 1923 6, 267, and 
Komppa and Njman, Annalen, 193S, 535, 2o2) 
showed that this hydrocarbon was not homo 
geneous but a mixture or five hydrocarbons in 
varying proportions For the preparation of 
these hydrocarbons three general methods are 
available (j) dehydration of the alcohols 
fenchol and isofenchol , (u) distillation of their 
xanthogenates , and (iu) removal of hydrogen 
chloride from fenchyl and iwfenehyl chlorides 

o Fenchene (I) is most conveniently prepared 

by the distillation of methyl a fenchyl xanthate 
or bv the action of nitrous acid on feochylamnu 
For l- a fenchene prepared from l fcnehylamine 
the following constants are given b p 15&- 


H,C — 
- |« 

:h— 

Me, 

iH, 

H,C 

- | 

h, 6— i 

;h— 

20 

H,C 



H,C— CH— CH, 
ilVIeJ 


H.i- 


III 


: — CH — C(OH)CO,H 
II 

H,C— CH CO,H 

I dlMe, 

— CHCO,H 


[IV. 


The structure assigned to a fenchene was con 
firmed by Komppa’s svnthesis (Ber 1901, 34, 
2472 , Annalen, 1909, 368, 126) of apo campbonc 
acid extended later to a synthesis of dl a 
fenchocamphorone and dl a fenchene (Ber 1911, 
44 1536, Komppa and Rosehier, Ann Acad 
Sci Fenmcre, 1916, [A], 10, [in], 3, Komppa 
and Komppa, Ber 1936, 69 [B] 2606) The 
synthetic hydrocarbon had b p 154-156°, 
tJ*° 0 86G0, 1 47045 The mam stages in 

these syntheses are given below 

OC— CH CO,Et 
CMe, -* 
CO,Et CH, CO,Et OC— CH CO,Et 

H,C-CH CO,Et H,C— CH CH, 

| ilMe, 

H,C— £h CO,Et 


CO,Et CH, CO,Et 
+ ihle, - 


^Me, O - 


H,C— CH CO 
H,C— CHCH,CN H,C — CH CH, CO,H 


CMe, 
H,C— Ah CO,H 
H,C — CH — CH, 


I P 

H,C— CH CO,H 
H,C— CH— CH, 

I I . I 


CMe, 

’ll 111 

H,C— CH— CO H,C— CH— C(OH;Me 
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d-)3-Fenchene (V) was first prepared bv Ber- 
tram and Helle (J. pr. Chem., 1900, pi], 61, 353) 
by the dehydration of l-isofenchol (VI), and later 
by TVallaeh and Neumann (Annalen, 1901, 315, 
381) by the action, of aniline on a fenchyl 
chloride which had been prepared by the action 
of phosphorus pentachloride on 7-a-fenehol in 
ligroin the reaction mixture not being cooled. 
It is probably best prepared either^ by the 
dehydration of l-a-fenchol ( V II) with potassium 
hydrogen sulphate (Komppa and Boschier, l.c. ; 
cf. Komppa and Nyman, l.c.) or by the action of 
toluidine on l-isofenchyl chloride (TTTT) (Qvist). 


H,C-CH-CMe„ HX-CH-CMe. 

II I “ . • 


CH, 


CHn 


HO-HC— CMe-CH. H„C— CMe-CH-OH 

vi. ' vn. 


which on dehydration gave a mixture of (3- and 
y-fenchenes. 

y-Fenchene (XII), b.p. 145-147°, df 0-8547, 
nf 1-46072, which has not been obtained pure, 
may be prepared by the dehydration of a- 
fenchol with potassium hydrogen sulphate. Its 
structure is proved by its oxidation with ozone 
to the keto-aldehyde, C 10 H 16 O 2 , (XHI), disemx- 
carbazcme, m.p. 219°, and to the hetcmic acid, 
Ci 0 Hi 6 O 3 , (XIV), semicarbazone, m.p. 220-221°, 
the latter yielding on further oxidation with 
sodium hypobromite /rans-apofenchocamphoric 
acid. 


H C — C H — C M e„ 

I 

CH. 

I ‘ 

MeC — CH — CH. 
NIL 


OHC-CH — CMe 2 
CH 2 

MeCOCH — CH, 

xm. 


H..C— CH— CMe. 
I CH, 


H,C-CH-CMe, 
I ch 2 I 


HOX-CH-CMe, 

‘ I 
ch 2 


C1HC — CMe-CH, H.C-.C — CH — CH. 

vm. Y. 


MeCO-CH— CH. 
XIV. 


7-/3-Fenchene has b.p. 150-153°, df 0-S591, 
6 1*4645, [a] D -f 62-91°. It yields a crystal- 
line dibromide, m.p. 81-82° and a nitrosocMoride, 
m.p. 120°. On oxidation with potassium per- 
manganate it gives l-hyd roxy-ft-fenche. n ic acid 
(IX), d-, m.p. 137-138°, dl-, m.p. 125-126°, 
from which fl-fenchocamphorone (X), m.p. 62-63°, 
dl-, m.p. 64-66° is obtained on further oxidation 
with lead peroxide. On oxidation with nitric 
acid ^-fenchocamphorone gives apq fencho- 
camphoric acid (XI), cis-, m.p. 144-5-145°, trans-, 
m.p. 147-148°. 

H,C-CH-CMe, 



HO,C(HO)C — CH — CH, 
IX. 


H.C-CH-CMe, 

I 

CH. 

OC-XH-CH, 

X. 


HOX-CH-CMe, 

‘ I 

CH, 

I-' 

HO.C-CH— CH. 
XI. 


j3-Fenchocamphorone is obtained also when /?" 
fenchene is oxidised with ozone. cpoFencho - 
camphoric acid has been synthesised by Short 
(J.C.S. 1927, 961) and its higher homologue, 
homoapofencho camphoric acid, by Bardhan, 
Banerji and Bose (ibid. 1935, 1127), whilst 
Komppa and Komppa (Ber. 1936, 69 [B], 2606) 
have described a synthesis of /3-fenchocamp- 
phorone although the pure ketone was not 
isolated. By the action of magnesium methyl 
iodide on jS-fenchocamphorone Komppa and 
Boschier (Ann. Acad. Sci. Fennicse, 1917, [A], 
[x], 15, 1) prepared methyl /3-fenchocamphorol 


Derivatives of y-fenchene have been prepared 
by Alder and Stein (Annalen, 1933, 501, 28; 
1935, 515, 171) and by Komppa and Beckmann 
(ibid. 1933, 503, 130). These comprise a nitroso- 
cMoride, m.p. 150°, a nit rotate, m.p. 146-147° 
and an additive compound with phenyl azide 
dl- m.p. 148-149° ; d-, m.p. 177°. 

S-Fenchene 


HC— CH CMe, 

I 

CH. 

I " 

HC-CMe-CH, 

also known as fenchylene and isofenchylene, 
b.p. l39-140°/762 mm., df 0-8381, nf 1-4494, 
[ a ] _6S-76° (in alcohol), has not been obtained 
pure. It is present in the lowest boiling 
fractions of the oil obtained by tbe dehydration 
of a-feuchol with potassium hydrogen sulphate 
or by the distillation of 7-methyl isofenchyl 
xanth&te (Xametkin, J. pr. Chem. 1923, [ifj, 
106 26). It has been characterised by the 

preparation of a nitrosocMoride, m.p. 142°, and a 
nitrosilc, m.p. 163°. Its structure is proved by 
its oxidation to isofencho-camphoric acid. It 
forms two adducts with phenyl azide, m.p. 
12S=-129" and 122°, respectively (Alder and Stein, 
Annalen, 193o, 515, ISO). 
cyc/oFe nchene 

H„C CH— CMe. 

I 

CH, 

HC i CH 



CMe 


b.p. 143-143-57748 mm., df A 0-S624, nf' 
1-4537 0, is present in the mixture of fenchenes 



prepared by any ol the general methods It is 
most conveniently obtained by treating d 
fenchono hydrazone with mercuric oxide m the 
presence of alkali (G V 353933) Owing to its 
stability it can be readily freed from unsaturated 
hj drocarbons by treatment with potassium per 
manganate By the action of bromine a 
fenchene dibromide, m p 86*87°, is obtained, 
whilst on h\ dration isofenchol is formed 

J B S 

F E N C H O L (Fenchyl alcohol) 

HjC — CH — CMe, 

| l 

H 2 C — CMe — CH OH 

The occurrence in nature of dl Jenchol was first 
observed in yellow pine oil distilled from the 
roots of Ptnvo palustns (Schimmels Report, 
1910, April, p 107) and later confirmed by 
Zeitschel and Todenhofer ( ibid 1932, 63, 64) 
The alcohol has been shown by Schmidt and 
Schulz (i&id 1935, 94, ef Komppa and Beck 
mann, Ber 1935, 68 [B] 10) to be pure dl a 
Jenchol, m p 38°, b p 199 5°/750 mm d i0 

0 9420, njj° 1 47013, phenylur ethane, m p 104°, 
hydrogen phtkalate, mp 169° dl f5 Fenckct \ 
in p 6 3°, b p 200 57750 mm , d« 0 9428, n™ j 

1 47033, phenylurethane, m p 90 5°, hydrogen 
phthalate, mp 153 5°, has been prepared by 
Schmidt and Schulz by the hydrogenation of 
dl fenehone using a nickel catalyst The d 
and 1 fenchols have been prepared by the reduc 
lion with Bodium and alcohol of the d and l 
fenchones, the d ketone yielding the l alcohols 
(Bertram and Helle J pr Chem 1900, [ 11 ], 61, 
294) The separation of the mixture of alcohols 
so obtained was first carried out by Kenyon and 
Fnston (J C S 1925, 125 1472) Schmidt and 
Schulz give the following constants for the 
alcohols and their derivatives 

Hydro 

Phenyl gen 

n ti . lire phthal 

lain thane, ate 


isoFENCHOL l- a iso I enchal (l a iso 
Fenchyl alcohol) (I) was prepared by Bertram 
find Helle (J pr Chem 1900, [u], 61, 300, 
tVallach and Vivck, Annalen, 1908, 362, 191) 
by the hydration of l a fenchene (II) with sul 
pkunc acetic acids It has been prepared also 
by the hydration of dp fenchene (III) and d 
(.ycloiencheae (IV) (Aschan Ber 1907, 40, 
£750, Qvist, Annalen, 1918, 417, 278) da 
tsoFencholh&s been prepared in a similar manner 
H 2 C — CH-CMe, HjC-CH-CMej 

I ^ H2 l 

,C c— iH— ch 2 


HjC - 


on 


h 2 c— 

-CH-CMej 

H,C— CH — CMe 

1 

1 

ch 2 

II 1 

— ► CH 2 

HC 

_j CH 

HO HC— CMe— CH 2 

\ 

TP 

CMe 


IV 

I 


By the catalytic hydrogenation of dl too 
fenehone Alder, Stem and Rickert (Annalen, 
1936, 525, 221) have prepared dl P isofenchol 
which is converted into the o alcohol by the 
action of sodium in toluene solution The 
latter alcohol is formed also by the reduction of 
tsofenchone with sodium and alcohol According 
to Komppa and Beckmann (t bid 1936, 522, 137) 
the o alcohol has the exo configuration The 
constants of the alcohols and their derivatives 
are given in the table <e/ Schmidt and Toden 
hofer, Schimmel s Report, 1937, 111) 


IP 


* ci 
75D 


47 — 

48 




, (In 


np. 


alcohol) 

+ 11 5* 81 145 J 

199 5 0 0605*°* -11* 81-82 146 

— — — -2150* 89 151 

B 6 200 5 0 964 1 ** +21 40* 89-90 152 


The configuration of these alcohols has not been 
determined (Komppa and Beckmann, Annalen, 
1936 522 137 , Alder, Stem and Rickert, 
tbtd 1030,525,225) 

The fenchols are formed also by the hydration 
of a and 0 pinenea as was first observed by 
Bouchardat and Lafont (Compt rend 1887, 
105 1177, 1897,125 111) On oxidation they 
yield ft nehone, whilst on dehydration a mixture 
of the fenchene* is obtained Replacement of 
the hydroxyl group by chlorine results in the 
formation of a mixture, one of the constituents of 
which is the true fenchyl chloride (infer al 
Komppa and Hmtikka, Ber 1913, 46, 645, 
Komppa nnd Bergmann, Annalen, 1D34, 

J I* & 


"•* *• 


(®I° 

61 5-62 201-202 0 9613 1 48005 - 25 73* 
+ 8 196-197 0 952 1 47259 +15 20* 
42—43 202-203 0 9533 1 47556/20* — 


chol 
l a 

i? 

dl-a 

HP 


. Hydrogen 

Phenylurethane phthalate 
mp ’C m p *C 

106-107 156 

liquid 80 

94-95 — 

101 104-105 

On oxidation the isofenchols give tsofenchone 
J L S 

FENCHONE The ketones d and l 
fenehone, C, 0 H 16 O (I) occur respectively m oil 
of fennel (from {Foentcvlun tulgare) and thuja 
oil (from Thuja occidentals) (Schimmel 8 Re 
port, 1890 April, p 20. Wallach, Annalen, 
1891. 263, 129, 1892. 272, 102) The ketone, 
which has an odour reminiscent of that of 
camphor, has nnp 5-6°, b p 192-193°, tf 1 * 0 948, 
nJJ 1 46355, (a] D +62 76°, oxime, d and l , m p 
164—165°, dl, mp 158-160°, ttmteatbazone, d 
and I , m p 182-183°, dl , m p 172-173° 

The structure (I), now assigned to the ketone, 
waa tret ragga/ad, Wy X\g 




FENCHYLENE 


FENCHYLENE, 8 fenchcne (e Fenckrnbs) 
FENNEL. The dned ripe fruit (seed) of 
Famtcvlvm t ivlgare Miller (Fam Umbellifera?) 
cultivated extensively on the Continent of 
Furopc and in North America It is a biennial 
or perennial aromatic herb, with leaves divided 
into numerous hair hie segments, and grows 
to a height of 3-5 ft The cremocarp consist s of, 
and is more or less separated into, two straight 
or but ahgldly curved mericarps, from 5 to 10 
mm long and 1 5-4 mm broad The cross 
section of the mencarp is almost that of an 
equal sided pentagon the commiBural surface 
1 cing greater than the four comprising the dorsal 
surface It also exposes six vittsc, one on each 
dorsal and two on the commisural Bide with 
fi\o almost equally prominent ridges It is 
largely used ns an aromatic and carminative, 

f articularly as a comgent of Benna and rhubarb 
t is stated that the Oil is usually prepared from 
the whole herb 

Microscopic Appearance —The outer epidei 
mis is composed of quadrangular to polygonal 
cells with an unstnated cuticle (distinction from 
many other umbelliferous fruits) with occasional 
stomata The mesocarp consists of very cha I jj 
ractenstic, ligmfied reticulate parenchyma, and ' ’ 

the inner epidermis of thin walled ceUs almost 
reminiscent of parquet The endosperm is 
composed of colourless rather thick walled 
parenchyma which contain alcurone grams and 
rosette crystals of calcium oxalate 
Chemical Composition — Probably the most 
satisfactory mctlind of determining the essential 
oil content of fennel is by tho process of Cocking 
and Middleton (Quart J Pharm 1935 8, 435) 

Tho pondered fruit is mixed with brine and 
distilled, tho vapours being passed through the 
top of a condenser into a graduated tube, in 
which the oil is collected, whilst tho condensed 
water is returned to tho distillation flask An 
air inlet and outlet is provided below the 
condenser but above the graduated tube 
These authors find that the yield of oil is in 
creased, by crushing the fruit before distillation, 
but that tho commercial powder looses some of 
its oil on keeping Tho fruits contain from 
3 to 4 % of oil m the freshly ground fruit 
and from 1 to 2% less in tho commercial 
powder 

A laniards — Tho British Pharmacopoeia rc 
quires fennel to contain not more than 2% of 
foreign organic matter nor more than 12% 

Adulteration — Trench sw cet fennel, Fasnt 
culum vulgar e t subsp captllaceum, var dulct, is 
sometimes substituted for bitter fennel It 
contains only about 2% of volatile oil, which is 

f rsctialh free from fcnchone Japanese and 
ndian fennels are sometimes substituted, as 
is also, occasionally , extracted fruit, which last 
*ro much darker in colour than the unextracted 
fruit 

FENNEL, ESSENTIAL OIL OF ^Thc 
©d distilled from the fruits of } cemculum vulgar* 
or J captllaeeum Gilib (Fam Um 
beUdem?) The herb is cultivated in Gabcta, 
Genuanv, Russia, Roumama, Egypt, Asia 
f linor 1 cma, India and Japan Interior oils 


obtained from the wild bitter fennel and 
the water fennel {(Enanike phellandrtum, Phel 
landrium aquaticum) 

Constituents —Fennel oil contains anethole, 
fcnchone, pmene and dipentene The proportion 
of anethole vanes considerably and is roughly 
indicated by the congealing point which serves 
to determine the quality of the oil The pro 
portion of fenchono also varies from almost 
nil to 22%, but this constituent is of little 
importance 

Characters — Sp gr 0 960-0 995, opt rotation 
+0° to +20° Congealing point +6° to +10° 
Solubility 1 in 5 to 8 vol of 80% alcohol The 
congealing point is determined by the method 
described in tho Bntish Pharmacopoeia for 
aniseed oil hut a small crystal of anethole 
must be used to induce crystallisation after 
cooling 0 T „ 

" FERAN v Aluminium (Vol I, 278d) 

FERBER1TE, the name applied to the 
members at the iron end of the wolframite series 
(FeWO,) 

FERG AN ITE is related to camotjte (v Vol 


L J S 

FERGUSON ITE A rare mineral consist 
ing of columbate (mobate) and tantalate of 
yttrium and cerium earths together with a small 
amount of uranium tho general formula being 

R (Cb,Ta)0 4 
Tetragonal crystals were found in Greenland in 
1826, but usually the mineral is massive with a 
lustrous pitchy appearance on the fractured 
surfaces , sp gr 5 8 It is optically isotropic, 
owing to alteration and hydration when 
heated, it suddenly shows an incandescent glow, 
becomes fractured and anisotropic, and gives off 
gases (helium, etc ) The mineral occurs in 
pegmatite veins at Yttcrby in Sweden, near 
Arcndal and elsewhere m Norway, and in some 
abundance as largo masses at Barringer Hill in 
Llano Co , Texas At the last named locabty 
it has been mined, together with gadohmte 
and other rare earth minerals, for the supply 
of yttnum, etc Other localities are Coolegong 
in Western Australia, Madagascar, and the 
Caucasus 

L J S 

FERMEN L ACT Y L , a preparation of lactic 
acid bacilli 

FERMENTATION, ALCOHOLIC. The 

production of carbon dioxide and alcohol from 
sugar is by far the moat important of all technical 
processes of fermentation, and has, therefore 
been more thoroughly investigated than any 
other change produced by micro organisms 
Although both alcohol and carbon dioxide are 
produced from sugar by many micro organisms 
belonging to the class of bacteria, the power of 
bringing about the typical alcoholic fermenta 
tion of decomposing Bugar almost quantitatively 
into these two substances, is possessed among 
micro organisms only by certain moulds and by 
a group of unicellular fungi which belong to 
several closed allied families and are commonly 
grouped together as yeasts Tho biology and 



FERMENTATION, ALCOHOLIC. 


great importance in brewing, as a yeast which 
possesses a comparatively large amount of this 
enzyme is able to attenuate the w ort to a greater 
extent, and to produce a larger yield of alcohol 
Starch and glycogen are unaffected by yeast, 
probably because, owing to their highly colloidal 
nature, they are unable to penetrate the cell 
Species of yeast are now known which are lacking 
m one or other of all these hydrolytic enzymes 
and are incapable of fermenting the corre 
spending sugar These yeasts have frequently 
been employed for the isolation of such a sugar 
as maltose from mixtures containing glucose 
or fructose, and for the analytical estimation 
of mixtures of sugars (Davis and Daish, J 
Agnc Sci 1913, 5 437), and of the sugars in 
urine (see Harding and Grant, J Biol Chem 
1931, 94, 529, Harding, Nicholson and Grant, 
i&td 1932-33, 99, 625) Their relations to the 
disacchandes are employed as a means of 
classification Thus 8 marxianus H and 
S exiguiu H ferment cane sugar, but not 
maltose , S rouxn Boutroux ferments maltose, 
but not cane sugar , S fra gilts Jorg found 
in kefir, ferments lactose, and S mail Duclaux 
only ferments the simple sugars and is without 
action on the disaccharides No yeast appears 
to be able to ferment the synthetic disac 
ehatides, such as tsomaltose or glucosidoga* 
lactose, and this disability extends to the iso 
zneridea of the hexoscs such as sorbose, tagatose, 
etc , to the optical antipodes of the fermentable 
sugars which have been obtained by synthesis, 
and to the pentoses and tetroses Beyond the 
simple sugars mentioned above, no other sub 
stance appears to be directly fermentable by 
yeast to alcohol and carbon dioxide, with the 
exceptions of a synthetic 9 carbon atom sugar 
and of glyceraldehyde aud dihydroxyacetone, 
which, according to Bertrand (Ann Chim Phys 
1904, [vui], 3, 181), Buchner and Meisenheimer 
(Ber 1910, 43. 1773) and von Lebedev (ibid 

1911, 44,2932, 1912,45, 3526, Biochem Z 

1912, 46 483), are acted on by yeast Glycerol 
and the higher alcohols such as mannitol and 
dulcitol, are not fermented 

The phosphoTylated intermediate products of 
alcoholic fermentation are decomposed by yeast 
preparations, but not all of them are attacked 
by living yeast, possibly owing to the limited 

E crmcability of the yeast cell membrane Thus 
exosodiphosphate is unattacked by living yeast 
whereas fructose 6 phosphate is slowly fer 
mented (Neuberg, Biochem Z 1918, 88, 432) 
as is also d phosphoglyceraldehyde (Smythe and 
Genscher, ibid 1033, 260, 414) 

In 1911, Neuberg (iftid 1911, 31, 170) made 
the important discovery that yeast decomposes 
a Letomc acids quantitatively into carbon 
dioxide and the corresponding aldehyde (see 

R CO COOH-R CHO-V-CO, 

This reaction is brought about by all races of 
brewer a y cast, and by vine yeast*, and baa been 
traced to the presence m theso of an enzyme 
termed by Neuberg carboxylase The enzyme 
passes from the cell into the yeast juice, so that 
this also possesses the property of decom 
pwmg a ketotuc acids Their salts ate also 


attacked, the carbonate or bicarbonate of the 
metal being foimed, and a certain amount of 
the aldehyde undergoing condensation to in 
active aldol under the influence of the alkaline 
carbonate The enzyme is undoubtedly distinct 
from zymase, and is differently affected by 
agents snch as heat and antiseptics Its action 
is, moreover, independent of the presence of the 
co zymase of yeast juice (Harden, Biochem J 
1913, 7, 214 , Neuberg and Rosenthal, Biochem 
Z 1913, 51, 125) but requires a specific co 
enzyme (Auhagen, Z physiol Chem 1931, 204, 
149) (see p 18) 

Many hydroxy acids are also slowly attacked 
by yeast, among these bemg lactic acid (Buchner 
and Meisenheimer, Ber 1904, 37, 417, 1905, 
38, 620, 1906, 39, 3201, Oppenheimer, Z 
physiol Chem 1914, 89, 45), glyceric acid 
(Neuberg and Tir, Biochem Z 1911, 32, 323, 
von Lebedev, Ber 1914, 47, 660), gluconic acid, 
and glyoxylic acid (von Lebedev, Biochem J 
1918,12 81) 

2 The Rate of Fermentation by Yeast 
has been investigated by many authors It is 
best exammed by Slator s method of adding a 
suspension of yeast to the solution to be fer- 
mented, and determining the initial rate of 
fermentation In this way, all errors due to 
change in the amount and condition of the yeast 
and to the influence of the products of decom 
position are, to a large extent, avoided (J C S 
1906, 89, 128) By this and other methods, it 
has been established { see Hopkins and Roberts, 
Biochem J 1935, 29, 919, where the literature 
is cited) that the kinetics of fermentation by 
living yeast are precisely similar to those of an 
enzyme reaction With low concentrations of 
sugar and relatively high concentrations of yeast 
(0 04-0 07% glucose and 5 4 g pressed yeast 
per 100 c c at 30°) a ummolecular reaction 
occurs When relatively low concentrations of 
yeast are used (as m Slator s experiments), the 
enzyme becomes saturated and the fermentation 
rate remains constant over a long range of 
substrate concentration Intermediate con 
ditions, as in the experiments of Nord and 
Weichherz (Z Elektrochem 1929, 35, 612), 
result m a maximum rate followed by a decline 

The rate increases with the temperature, but 
the temperature coefficient diminishes as the 
temperature increases The following values 
were obtained by Slator for glucose, they are 
independent of the concentration of yeast and 
glucose, the class of yeast and presence or 
absence of nutrient materials, and remained 
the same when inhibiting agents are present 

Tem P v, (10 /v, 

5° 5 6 

10° 3 8 

15 ® 2 8 

20® 2 25 

25® 1 95 

30® I 6 

The temperature coefficient for an ordinary 
chemical reaction is of the same order as these 
numbers, viz 2-3 for 10® Slightly higher 
coefficients were obtained by Hopkins and 
Roberts (Biochem J 1935, 29, 2486) 
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yields a fraction of high boiling point, -which 
amounts to 0 1-0 7% of the whole, and is 
known as fusel oil (q r ) The discussion which 
had long raged over the origin of this fusel oil 
was set at rest by the researches of Ehrlich 
(Z Yer Rubenzucl Ind 1905, 539, Biochem 
Z 1906, 2, 52, 1909, 18, 391 , Ber 1906, 39, 
4072 , and many other papers), who has proved 
m the most conclusive manner that the higher 
alcohols and the corresponding acids and aide 
hjdes which are observed in fermented liquids 
are formed by the yeast, not from the 6 ugar, 
but from the amino acids produced by the 
hydroljsis of the proteins of the medium and 
of the yeast cell itself 

The reaction is a general one, and requires 
the presence of living yeast and sugar as well 
as the ammo acid In these circumstances, the 
yeast not only ferments the sugar to alcohol 
and carbon dioxide in the usual way, but also 
brings about what Ehrlich terms the alcoholic 
fermentation of the amino acids, according to 
the equation 

R CHfNHjJCOOH+HjO 

=R CH t OH+NH,+ COj 
The ammonia appears to be invariably 
assimilated by the yeast and is not found in the 
medium Thi 3 fact probably affords the key 
to the biological significance of the reaction 
It is by means of this change that the yeast 
acquires from the ammo acids, which are 
usually the chief available source of this element, 
the nitrogen necessary for its existence The 
whole change is rendered possible by the 
utilisation of some of the energy evolved by 
the fermentation of sugar, which is proceeding 
simultaneously Ehrlich has shown, by careful 
experiments, that in this way leucine 

(CHj)*CH CHj CH(NH t )COOH 
yields woamyl alcohol 

(CH s )jCH CH t CH, OH, 
and ucAeucine 

C,H, CH(CH,)CH(NH,)COOH 
yields d amvl alcohol C,H, CH(CH,)CH, OH, 
which are the mam constituents of fusel oil 
The other ammo acids yield corresponding 
products, tyrosine 

OH C,H 1 CH l CH(NH 1 )COOH 

being converted into p bydroxyphenylethyl 
alcohol or tyrosol HO C,H t CH, CH, OH, a 
substance of intensely bitter taste, and phenyl 
alanine C«H, CH, CH (N H,)COOH into 
phenylethyl alcohol C 4 H & CH, CH, OH, one 
of the chief constituents of oil of roses Valine 
yields wobutjl alcohol, and arginine a mixture 
ofl 4 butUeneglycol and euccimc acid (Thorne) 
These changes take place under practical 
brewing conditions (Thome, J Inst Brew 1937 
43 2SS). and it is almost certain that many 
of the substances which impart flavour, bouquet 
and aroma to fermented liquors bare their 
origin in this manner, so that the subject is one 
of fundamental importance for the technologist 
burcmic acul » also formed by a reaction of 
this kind, which differs from the foregoing m ao 


far as it involves an oxidation The source of 
this substance is glutamic acid which, instead 
of yielding y-hydroxybntync acid, as might 
have been expected, is converted into succinic 
acid 

COOH CH, CH, CH(NH,)COOH+20 

=COOH CH, CH, COOH+CO,+ NH, 
V east js, moreover, not only capable of pro 
ducing these changes in ammo acids naturally 
present in the medium or purposely added to it, 
but also decomposes m a similar manner the 
ammo acids formed by the hydrolysis of its 
own pro tern Some of the cells evidently 
utilise the products of the antoIysi 3 of others 
which have died, and hence it comes about that 
even when a pure sugar solution is fermented by 
pure washed yeast, the fermented liquid con 
tarns a certain small proportion of fusel oil, 
succinic acid, etc The amounts produced 
in these circumstances are, however, small 
as they are also when the yeast is grown m 
presence of a mm onium salts Many of the 
products (e ff tyrosol) have a strongly inhibitory 
effect on yeast growth and a smaller effect on 
fermentation (Thome, 161 d 1939, 45, 13) 

During the fermentation of sugar yeast 
excretes nitrogenous substances the greater 
part of which is not in the form of ammo-acida 
(Lampitt, Biochem J 1919,13,459; Thome, 
J Inst Brew 1933, 39, 608, Ivanov and 
Krupkinft, Biochem Z 1929, 212, 255) 

It seems probable, from the experiments of 
Nenbauer and Fro inhere (Z physiol Chem 
1911, 70, 326), that the amino-acid (I) first 
undergoes indirect oxidation to the correspond 
mg ketomc acid (III) and ammonia, and that 
this acid is then decomposed by the yeast, 
forming carbon dioxide and an aldehyde (IY), 
which then either undergoes reduction to an 
alcohol (e g fusel oil) or oxidation to an acid 


g succinic acid) 



R 

R 

R 

R 

C <NH t 

c <™. 

CO 

CHO 

COOH 

COOH 

COOH 


I 

n 

m 

IV 


It is interesting to note that the reaction 
proceeds asymmetrically 
It has now been proved by Neuberg and his 
colleagues (c post) that the glycerol, which is 
invariably formed during fermentation, is 
derived from the sugar and, unlike the substances 
discussed above, is also produced by yeast juice 
and rynun in the absence of living yeast 
5 Ratio or Alcohol to Caheov Dioxide 
All these decompositions have an influence on the 
ratio of alcohol to carbon dioxide produced by 
alcoholic fermentation The theoretical ratio 
is 46/44=1 045, and Pasteur, as quoted above, 
actually found 51 00 parts of alcohol to 49 11 of 
carbon dioxide from 100 of cane sugar He, 
however, considered that succinic acid and 
glycerol were formed according to the equation 
AQC.H^O.+aOHjO 

=1 S^H.O^yZCsHgOs+SOCO, 
and therefore ascribed 0 61 of carbon dioxide to 
the fermentation which had produced 0 65 of 
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succinic acid, thus leaving 48-50 of carbon 
dioxide as the product of the true alcoholic 
fermentation, the corrected ratio being thus 
51-00/48-50=l-051. Similar results were ob- 
tained by Jodlbauer (Z. Ver. Rubenzuck.-Ind. 
18SS, 30S), who found that cane sugar yielded 
49-04% of carbon dioxide. 

Buchner and Meisenheimer (Ber. 1910, 43, 
1773), working with pure yeast (Race 792 of the 
Berlin Collection), obtained 49-73% of the cane 
sugar as alcohol, and 49-12% as carbon dioxide ; 
the ratio being 1-01. They ascribe this excess 
of carbon dioxide to the oxidation corresponding 
to the production of glycerol, the amount of 
which was not estimated. In spite of the fact 
that no nitrogenous material was added to the 
medium, the carbon dioxide and alcohol only 
represent 9S-S5 parts of the 103-36 of invert 
sugar to be accounted for, so that 6-51 parts had 
andergone some other change. Any carbon 
dioxide formed from amino-acids produced by 
autolysis would be included in the amount 
found. 

6. Formation of Glycogen : Autofer- 
iientatiox of Yeast. Yeast very readily con- 
verts a portion of the carbohydrate present in 
the medium into glycogen (C 6 H 10 O 5 ,)„ which is 
stored in the cell ( see Harden and Young, J.C.S. 
1902, 81, 1224, where the literature is cited). 

This material acts as a reserve carbohydrate, 
and, when the yeast is preserved in absence of 
sugar solution, is slowly fermented into alcohol 
and carbon dioxide : this phenomenon is known 
as the autofermentation of yeast. As yeast 
may contain as much as 30-40% of its dry 
weight of glycogen, it follows that a very 
considerable amount of carbon dioxide and 
alcohol may be produced from yeast alone. The 
autofermentation proceeds more rapidly at high 
temperatures (Harden and Rowland, J.C.S. 
1901, 79, 1227), and is greatly accelerated by 
the addition of many salts (Harden and Paine, 
Chem. Soc. Proc. 1911, 103) and of toluene. The 
conditions of formation of glycogen have been 
investigated quantitatively by Pavy and By- 
waters (J. Physiol. 1907, 36, 149), and micro- 
scopically by Wager and Peniston (Ann. Bot. 
1910, 24, 45 ; Wager, J. Inst. Brew. 1911, 17, 2). 

The Alcoholic Enzyxie of Yeast. 

Up to 1897 all attempts to isolate from a yeast 
an enzyme capable of producing alcoholic fer- 
mentation had failed. It had early been shown, 
at first by Mitscherlich (1841) and then by 
Helmholtz, that the process of fermentation in 
all probability took place within the cell, and the 
efforts of later investigators had been rightly 
directed towards the extraction of an enzyme by 
some process of disintegration or treatment with 
solvents. All such efforts were, however, made 
in vain, as were also attempts to extract the 
- enzyme by freezing or plasmolysis, the products 
obtained being either inactive or owing what 
activity they possessed to the presence of un- 
broken yeast cells or bacteria (F. von Liiders- 
dorff, Schmidt, Pasteur, Marie von Manassein, 
Adolf Mayer, Nageli and Loew). A slight modifi- 
cation of the grinding processes which had been 
used by several of these authors, led, however, to 
success. Hans and Eduard Buchner applied to 


yeast the process of grinding with sand which 
they had previously employed successfully for 
bacteria. By adding kieselgukr, at the sugges- 
tion of Hahn, to the pasty mass obtained, and 
submitting the mixture to a high pressure, they 
obtained a clear liquid which was capable of 
fermenting sugar (Buchner, Ber. 1897, 30, 117). 

The Nature of the Active Agent in 
Yeast Juice. — Buchner at once established the 
facts that the yeast juice, prepared as described, 
was capable in the absence of yeast cells of pro- 
ducing alcoholic fermentation, and that this 
property was still retained after the addition 
of chloroform, benzene or sodium arsenite, by 
precipitation with alcohol, by evaporation to 
dryness at 30-35°, or by filtration through a 
Berkefeldt candle, whereas it was completely 
destroyed at 50°. He therefore concluded that 
the fermentative power of the juice was due to a 
dissolved substance of the nature of an enzyme 
to which he gave the name of zymase. Several 
of the properties of this liquid, however, sug- 
gested to various investigators that it did not 
contain an enzyme of the ordinary kind, but 
rather fragments of the living protoplasm of the 
yeast, which retained for some time the functions 
which they had possessed in the cell. This idea 
was in harmony with the facts that the fer- 
menting power of the juice was rapidly lost on 
preservation, and that comparatively large 
amounts of certain antiseptics did undoubtedly 
greatly diminish its activity. Other objections, 
founded on the behaviour of the juice on dilu- 
tion, etc., proved not to be well founded. 
Further experience of the nature of yeast juice 
has shown that this idea has little to recommend 
it, and there seems at present no reason to doubt 
the existence of this enzyme in yeast juice. 

Preparation and Properties of Yeast 
Juice. — Fresh brewery yeast is washed and 
pressed out at about 50 kg. per sq. cm. The 
resulting mass, which contains about 70% of 
water, is mixed with an equal weight of sand, 
and from 0-2-0-3 part of kieselgukr, care being 
taken that this is free from acid. The dry 
powder thus formed is then ground in small 
portions at a time in a large porcelain mortar 
by means of a heavy pestle, until the mass 
becomes pasty, which occurs after about 1-2 
minutes’ grinding. The grinding may also be 
done in a mixing mill . The paste is then either 
directly pressed out after being wrapped in a 
filter cloth, the pressure being gradually raised 
to 90 kg. per sq. cm. (Buchner), or is mixed with 
more kieselgukr and the dry powder pressed 
out between layers of chain cloth (Maefayden, 
Morris and Rowland). A more active juice is 
usually obtained from English top yeasts if the 
ground mass be kept for 2 hours at air tempera- 
ture before it is pressed out (Harden and Henley, 
Biochem. J. 1927, 21, 196). 

The yield of juice obtained from 1,000 g. 
of bottom yeast (Buchner) is about 320-460 
c.c. ; that obtained from English top yeasts is 
rather smaller, averaging 250 c.c. (Harden and 
Young). The product, after any suspended 
yeast °cells have been removed by filtration or 
centrifuging, is a slightly viscid, brownish- 
yellow, opalescent, faintly acid liquid of sp.gr. 
1-03-1-06. It contains about 8-5-14% of dis- 
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solved solids, and 0 7-1 7% of nitrogen, nearly 
all in the form of protem, so that the liquid 
coagulates when heated The ash amounts to 
I 4-2% and, like that of j east, contains a large 
proportion of phosphoric oxide 
An active extract, known as maceration 
extract, has been obtained by von Lebedev 
(Compt rend 1911,152,49, Ann Inst Pasteur, 
1912, 26, 8) by drying jeast at 25-30°, and then 
macerating the dried material with 3 parts of 
water for 2 hours at 35° The liquid is then 
filtered or centrifuged and a clear active extract 
is thus obtained Bottom yeasts in general give 
good results, whereas with some other yeasts, 
and notably with many English top yeasts, the 
process fails In such cases better results are 
often obtainable by macerating with 0 15 If 
K 2 HP0 4 or Na 2 HP0 4 (Hagglund and Rosen 
qvist, Biochem Z 1927, 180, 61) The yeast 
in use in Stockholm also Yields a Lebedev extract 
which has very feeble fermenting powers (von 
Euler and Adler, Z physiol Chem 1934, 226 
206) The extract closely resembles yeast juice 
obtained by grinding, but usually contains a 
larger amount of morgame phosphate and a 
much smaller amount of glycogen and often 
shows a long period of induction before the 
fermentation of added sugar begins 
When the juice is preserved the protem 
becomes hydrolysed owing to the presence of a 
powerful proteolytic en 2 yme At the same time, 
the power of producing alcoholic fermentation 
is lost, and it seems probable that this is due 
to the action of the proteolytic enzyme on the 
enzymes of fermentation (Buchner) When 
excess of sugar is added and the mixture in 
cubated at 25°, a steady fermentation ensues, 
carbon dioxide being evolved and alcohol pro 
duced in nearly the theoretical ratio, at a rate 
which gradually decreasfcs until the process stops, 
after 72-96 hours, not from exhaustion of the 
sugar, but owing to the destruction of the active 
agent of fermentation In home cases (juice 
from bottom yeasts) the co zymase (p 16) is 
destroy ed before the apo enzyme and renewed 
fermentation occurs when co-zymase is added 
The juice from bottom yeasts appears to be more 
stable and to produce a somewhat greater total 
fermentation than that from top yeasts, 25 

of juice producing on the average at 25° 

evolution of about 1-1 5 grams of carbon 
dioxide in the case of bottom yeast, and 0 5-1 g 
in the case of top j east 
The juice ferments those sugars which are 
fermentable by the jeast from which it 13 pre 
pared and, in addition, dextnn soluble starch, 
and glj cogen, the first of which is only slowly 
and imperfectly fermented by jeast, and the 
last two not at all, as already explained Malt 
ose and cane sugar arc hydrolj sed before being 
fermented, and the fermentation proceeds as 
with the simple sugars, glucose, fructose, and 
manno'e Slight differences between the rates 
of fermentation and the total fermentations 
produced with these three sugars, have been 
observed by Harden and loung A yeast, 
which ferments galactose, yields a juice which 
also ferments this sugar, but tho action is often 
much loss pronounced relatively to that on 
glucose th,n u th.t of tho living joast (ILnko 


and Norris , see also Grant, Biochem J 1939, 

), 1661) 

Yeast juice, like living yeast, exhibits the 
phenomenon of autofermentation, which is 
carried out at the expense of the glycbgen 
present A diastatic enzyme, capable of hy 
drolysing glycogen, exists in the juice (glyco 
genase), but it seems probable ( see below) that the 
glycogen is fermented without preliminary 
hydrolysis to glucose Added glycogen is also 
fermented, but usually at a lower rate and with 
a smaller total yield of gas than glucose The 
autofermentation of the juice from top yeast is 
often very considerable in amount, and may even 
occasionally equal that produced with glucose, 
whilst it is less pronounced with juice from 
bottom yeast Maceration juice is almost free 
from autofermentation {see Oppenheimer, Z 
physiol Chem 1914,89,63) 

The rate of fermentation of sugar vanes with 
the concentration of the sugar in the manner 
characteristic of enzymes, and in this respect 
the juice closely, resembles living yeast After 
a certain small limit of concentration is attained, 
the initial rate is practically independent of the 
concentration of the sugar, but decreases 
slightly as this increases The gradual destruc 
tion of the enzymes produces a gradual fall in 
rate which simulates the course of a uni 
molecular reaction, and has been, regarded by 
some investigators as evidence that the reaction 
is of this type (von Euler, ibid 1905, 44, 53) In 
creased concentration of the sugar also increases 
both the duration of fermentation and the total 
fermentation, probably owing to a protective 
action on the fermenting mechanism The 
rate of fermentation is diminished hy dilution, 
and, with juice of high fermenting power, is 
probably proportional to the concentration of 
juice The total fermentation produced is, 
at the same tune, slightly diminished 
Accompanying the decomposition of the 
sugar into carbon dioxide and alcohol, a syn 
thetic action proceeds, by which a portion of the 
glucose is converted into a polysaccharide, which 
is reconverted into glucose by hydrolysis with 
acid (see Nagamshi, Biochem J 1926, 20, 
856) Hence the observed loss of sugar as esti 
mated by reducing power is usually considerably 
greater than the sum of the weights of alcohol 
and carbon dioxide produced (This pheno 
menon is, however, differently interpreted by 
von Euler , see Harden and Young, t6«d 1913, 7, 
630, where the subject is discussed ) The 
exact nature of this complex saccharide has not 
yet been determined, but observations by 
Cremer (Ber 1899, 32 2062) point to the 
possibility of the synthetic production of glycogen 
in yeast juice As already mentioned, succinic 
acid and fusel oil are not formed by yeast juice, 
whereas glycerol is produced to the extent of 
about 3 8% of the sugar fermented « 

The action of antiseptics on, yeast juice has 
been investigated in some detail Saturation 
with chloroform or toluene or the addition of 
1% of thjmol has practically no effect, whilst 
the inhibiting action of substances like phenol, 
formaldehj de, benzoic acid and salicylic acid 
is very small in 0 1% solution, more considerable 
m more concentrated s ol ut ions Th e fermenting 
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power is destroyed by 4% chloral, 1-2 % phenoL 
2% sodium fluoride, 0-55% ammonium fluoride, 
or 1-2% hydrocyanic acid ; but in this last- case 
it is restored when the hydrocyanic acid is 
removed by a current of air. The action of 
potassium arsenite is somewhat complex, and is 
treated later. 

Fzbaiektatioy by Dby Pbepabati oxs of 
Y e ast aed Yeast Juice. Yeast juice can be 
evaporated to dryness' at 37" without loss of 
fermenting power as measured by the total 
fermentation produced. When the juice is 
brought into 10 voL of acetone and rapidly 
drained, washed with ether, and dried, a white 
powder is obtained which is almost completely 
soluble in dilute glycerol, and retains the fer- 
menting power of the original juice. Dry 
preparations can also be obtained from yeast 
without any previous grinding, either by drying 
the yeast in air, preferably at 37% or by treating 
it twice with a large volume of acetone (or alcohol 
and ether), washing with ether and drying. The 
material prepared in the latter way amounts to 
about 30% of the pressed yeast taken, and 
is known as acetone yeast, permanent yeast 
( Dauerhefe ) or zymin, and is almost anhydrous, 
sterile and quite* incapable of growth, but 
readily produces alcoholic fermentation when 
brought into sugar solution. The general 
phenomena of fermentation by its means are 
the same as are produced by yeast juice. Both 
the total fermentation and the rate of fermenta- 
tion are 4-6 times greater than would be 
obtained with the yeast juice prepared from the 
same weight of yeast. 

Tee Coydixioys of Actios - of tee Fek- 

EESTESG AGES! CoXTAESED EE YeAST JUICE. 

The investigation of the mode of action of 
yeast juice on sugar has shown that the process 
is very complex. A number of enzymes are 
concerned, some of which are readily dissociable 
into thermolabile apo-enzymes and thermostable 
co-enzymes, the presence of both of which is 
essential for the production of fermentation, 
and moreover, the chemical change is not a 
simple decomposition of sugar, according to 
Gay-Lnssac's equation, but a complicated re- 
action in which hexose esters of phosphoric 
acid take part (Harden and Young. Proc. Bov. 
Soc. B. 1906, 77, 405; 78, 369; 1903, 80, 299; 
1909, 81, 336 ; 1910, 82, 321), and in which a 
number of phosphorylated 3-carbon compounds 
are formed as intermediaries. 

Ttte Co-eszyaies of Alcohoeic 

F EBSIESTATIGX. 

I. Co-zymase (Co-dehydrogenase I). 

When yeast juice is passed under pressure 
through a Martin filter, which consists of a 
Chamberland filtering candle impregnated with 
7-10% gelatin, all the colloidal matter of the 
juice is retained on the filter, whilst the dialys- 
able substances pass through. When these two 
portions, the residue and the filtrate, are 
separately incubated with sugar solution, it is 
found that neither of them is capable of pro- 
ducing fermentation. When, however, the two 
solutions are mixed, fermentation proceeds at 
almost the same rate as with the original yeast 


juice (Harden and Young, J. Physiol. 1905, 32, 
Proc. of 12.11.1904; Proc. Roy. Soc. B. 1906, 
78, 369). Yeast juice, therefore, contains a 
dialysable substance essential for the process of 
fermentation, and this was provisionally termed 
the co-enzyme or co-ferment, and was subse- 
quently known as eo-zymase (H. von Enler 
and K. Myrback, Z. physioL Chem. 1923, 
131, 179). It is also present in zymin, from 
which it can be removed by washing with water, 
an inactive residue being left {see later, p. 18). 

Little progress was at first made in our 
knowledge of the nature and functions of 
co -zymase and for many years almost the only 
facts known about it were that it was thermo- 
stable and dialysable, that- it was destroyed by 
hydrolysis (acid or alkaline) and gradually 
disappeared from fermenting yeast- juice, and 
that- it was not precipitated by normal lead 
acetate. In 191S Meyerhof made the important 
observation that- co-zymase was also present in 
animal tissues (Z. physiol. Chem. 1918, 101, 
165 ; 102, 1), which was the first step towards 
the discovery that the process of lactic acid 
formation from carbohydrate in muscle is 
chemically closely analogous to the fermentation 
of sugar by yeast- {see later). 

The idea that co-enzymes were necessary for 
the reducing action of yeast- and its preparations 
was early mooted by von Lebedev and Graiznov 
(Ber. 1912, 45, 3256), and was subsequently 
supported by von Enler and his colleagues, who 
also thought that a co-enzyme was concerned in 
the esterification of phosphoric acid {see von 
Enler and Myrback, Z. physiol. Chem. 1924, 139, 
15 ; 1927, 165, 28). These ideas are now generally 
accepted (see Harden, “Alcoholic Fermentation,” 
Longmans Green, 4th ed., 1932, for a more 
detailed discussion of these early theories). 

The co-zymase of alcoholic fermentation has 
now been prepared from yeast in a condition 
approaching purity by von Enler {see von Enler, 
Albers and Schlenk, Z- physiol- Chem. 1936, 240, 
113 ; von Euler and Schlenk, ibid. 1937, 246, 64), 
who with his colleagues has published a long 
series of papers on the subject commencing in 
1924 {see the articles “ Cozymase,” by Myrback 
in Fermentforsch. 1935, 2, 139, and by von 
Euler in Ergebn. Physiol. 1936, 38, 1). It has 
also been prepared from red blood corpuscles by 
a different method bv Warburg and Christian 
(Biochem. Z. 1936, 2S5, 56; 287, 291) and its 
function in fermentation has been to a con- 
siderable extent established. The attainment 
of this result has been greatly aided by the 
discovery of a second co-enzyme (Co-dehydro- 
genase H) by Warburg and Christian (Biochem. 
Z. 1931, 242, 206), which was originally pre- 
pared from the red blood corpuscles of the horse. 
It also occurs in yeast, but as far as is known, 
plays no direct part in alcoholic fermentation 
{see later under “Phosphorylation by Co -zy- 
mase,” p. 39). 

This compound, which is specifically necessary 
for the dehydrogenation of hexosemono- 
phosphate by yeast preparations with pro- 
duction of 3 phosphohexonic acid, was recognised 
(Warburg, Christian and Griese, Biochem. Z, 
1935, 282, 157) as a triphosphodinucleotid. 
derived from adenine, the amide of nicotinic 
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acid and two molecules of ribose Its function 
as a co-dehydrogenase was traced to the fact 
that the pyridine ring of the nicotinamide 
residue is capable of combining reversibly with 
two atoms of hydrogen 
Co zymase was shortly after this recognised 
as a closely allied substance, a dipbospho 
dmucleotide also derived from adenine, nicotina 
mide and nbose (von Euler, Albers and Schlenk, 
Z physiol Chem 1935, 237, 1, Warburg and 
Christian, Biochem Z 1936, 2S7, 291) von Euler 
terns these two co enzymes, co dehydrogenase I 
(co z} niase) and co dehydrogenase II (Warburg a 
co-enzyme) Warburg terms them dipbospho 
pyridmenuclcotide (co zymase) and tripbospho 
pyndinenucleotide (Warburg s co enzyme) 
Adenylpyrophosphate (adenosinetnpho9phate) 
which was early recognised as theco enzyme of 
lactic acid formation in muscle, also occurs in 
yeast (see p 35), and is capable of playing a 
part in some of the stages of alcoholic fermenta 
tion in which phosphorylation and dephosphory 
lation occur, but cannot activate fermentation 
m the absence of co zymase 
Preparation of Co zymase from Yeast 
Extract — The following scheme indicates the 
stages by which co zymase is obtained from 
yeast extract (von Euler, Albers and Schlenk, Z 
physiol Chem 1936 240, 113, von Euler and 
Schlenk, ibid 1937, 246, 64) 

The activity of the preparation (ACo) is 
given by the c c of CO, per gram of added 
co zymase preparation which is evolved under 
fixed conditions from a mixture of washed 
dnedi yeast (apo zymase), sugar, phosphate and 
hexosediphosphate, the unit (Co) being that 
weight of co zymase which produces an evolution 
of 1 c c per hour 



Meld In 

Co 

Average 

activity 

ACo 

(a) Hot water extract 
from 10 kg baker a 
yeast 

1,500 000 

500 

(b) Lead acetate 111 
trate from (a) 

1 350 000 

6 000 

(e) HgNO, ppt from 
(b), decomposed 
with H,S 

675,000 

10,000 

(d) Phosphotnngstic 
acid ppt from (c), 
decomposed with 
H x SO <t amyl 

alcohol and ether 

435,000 

35,000 

(e) AmmomacalAgNO,' 
ppt from (d) de ; 
composed with ; 

H t S 

429.000 

100,000 

(/) Cuprous salt from 
(«) decomposed 
with H X S. co 
iyma«eppted with 
alcohol 

3 CO 000 

400,000 


The product thus obtained possessed the 
power of acting both as a co-pbosphorylase and 
as a co-dehydrogenase and was found to contain 


adenylic acid and other impurities. It is best 
freed from these by successive treatments with 
baryta and lead acetate, followed by precipita 
tion from concentrated solution by alcohol 
1 g of the ACo 400,000 product thus yields 
0 2o g of ACo 650 000, which no longer acts as 
a co phosphorylase when tested in the ordinary 
way (see later Phosphorylation by Co zymase, 

S 38), but retains the properties of a co 
ehydrogenase In contrast with this 1,000 litres 
of horse blood yield by the method of Warburg 
and Christian 0 93 g co zymase, 1 13 g co 
dehydrogenase II and 5 g adenylpyrophosphate 
Reduction of Co zymase — The pyndrne 
ring present as lucotmamide in codehydro 
genase I and II readily takes up hydrogen 
under various conditions — • 

1 Reversible Combination ictth 2 Atoms of 
Hydrogen — Tho chemistry of this process was 
first worked out for co dehy drogenase II 
(Warburg, Christian and Griese, Biochem Z 
1935, 279, 143 , 282, 157), and it has since 
been found that similar conditions apply to co 
dehydrogenase I (Warburg and Christian, ibid , 
1936, 285, 166 , 286, 811, 287, 291, Adler, 
Hellstrom and von Euler, Z physiol Chem 
242, 225 , von Euler, Adler and HellstrSm, ibid 
1936, 241, 239, Svensk Kem Tidskr 1936, 47 
290) 

(a) Reduction by Hyposulphite (hydrosulphite, 
NajSjO*) — ' The pyndmenucleotides take up 
2 atoms of hydrogen when they are treated 
with Na x S 2 0 ( at neutral reaction 
Co+ NajSjOj-f 2H i O=CoH 1 +2NaHSOj 
As this reaction results in the production of 
acid it can be used in the presence of NaHCO, 
for the manometric estimation of the degree 
and capacity of hydrogenation of the co enzyme 
(Warburg, Christian and Griese, I e ) 

The resulting compound (CoHj) is identical 
with that obtained enzymically (see later) and 
is stable in the air, so that when the NaHSO s 
is oxidised by a current of air the CoHj remains 
almost unchanged, but undergoes a slow re 
oxidation at a rate dependent on the fg The 
two hydrogen atoms are, however, rapidly 
removed when the CoH x (however prepared) 
is exposed to oxygen and a suitable otjgen 
earner (see later, p 34) 

An unstable jellow intermediate compound, 
probably monohydro co zymaso (Hellstrdm 
Z physiol Chem 1937, 246, 155) is formed 
during the reduction of co zymase by Na 4 S J 0 1 
It is only stable m alkaline solution and is 
much more readily oxidised than CoH t (Adler, 
Hellstrom and von Euler, Z physiol Chem 1936, 
242 225) 

(b) Eruymie Reduction — Co zymase can bo 
reduced enzymically in several different re 
actions (a) the dehydrogenation of alcohol, 
(b) the dehydrogenation of phoaphotnose 
(von Euler, Adler and HellstrSm, Z physiol 
Chem 1936 241,239), (c) the dehydrogenation 
of hex osemo nophosphate, with indirect pro 
duction of pyruvic acid (W arburg and Christian 
Biochem Z 1930, 287, 291), (d) the dehydro 
genation of lactic acid (Meyerhof and Ohlmeyer, 
Natursnss 1036, 24. 741 , von Euler, et al 
Arkiv Kemi, Min , Geol 1030,123 Nos 24 and 
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as a co phospliorylaso (p 38) in a similar manner 
to adeny lpy ropliosphato 
(4) Electrometric Tifrafion — When titrated 
clcctrometneally co zymaso hehaves as a mono 
basic acid (von Enler and Sclilenk, Z physiol. 
Chcm 1037,246,01) 

(6) Bfductton of Alkaline Hypowdite — Co I 
has strong reducing properties When treated 
with alkaline hypoiodito it reduces the equivalent 
of 0 atoms of iodine (My rback.Z physiol Chcm 
1935, 242, 225) The naturo of this reaction is 
unknown, but it is probablv connected with 
oxidation of the nicotinamide group (Knrrcr, 
Sclilenk and von I ulcr, Arkiv Kcmi, Mm , 
Geol 1030, 12B, No 20, 1) 

After being heated with 0 03 A NaOH for 
a few minutes it reduces only 2 atoms of iodine 
This is probably duo to tho oxidation of an 
aldehyde group unmasked by removal of tho 
pyridmo group After acid hydrolysis it 
reduces 4 atoms of iodine, a second aldehyde 
group having been unmasked by removal of tho 
ndenmo group (von Euler and Sclilenk, Svensk 
Kcm Tidskr 1936,48, 135) 

Natural Occurrence — It is theoretically 
probablo that Co and CoH. exist together in 
equilibrium m cells and cell preparations and 
their reactions w ith acids and alkalis havo been 
applied to tho determination of tho proportions 
of tho two substances actually present (Adler and 
von Euler, Svensk Kcm Tidskr 1030,48,221) 
Tho principle of tho method is that extraction 
with tuluto acid gives tho unreduced (acid 
stnblo) Co, whilst extraction with 0 01 N 
alkali gives tho reduced (all all stable) CoH g 
Preliminary experiments mdieato that tho 
ratio Co/CoHj m baker's ycaBt is about 2, in 
* dried bottom yeast 18-19 and m maceration 
extract about 1 

II Adenylpyrophosphate (adenosmetn 
phosphate) and its derivatives — It was first 
shown by Lohmann (Biochcm Z 1031, 241, 50) 
that tho readily dialy sable co enzy mo of lactic 
acid formation in musclo extract consisted of two 
parts (a) magnesium, (5) ndcnylpyroplios 
phote Adenylic acid itself is a nucleotido 
derived from adenine, ribose and phosphoric acid 
and is found in musclo combined with a pyro 
phosphoric group forming mlonylpy rophosplmte, 
for which I ohmann suggests tho formula 
(Biochcm 7 1035,282, 120) 

OH OH OH 

C,H,N, C.H.O, oJoioJ( 


!> I) i 


Adenine ltlboso 

It acts (in presence of (he specific npo enzyme) 
as a co phospliorylaso by losing P0 4 to some 
acceptor, tg glucoso or nexosemonophosphate, 
y ieldmg odeny lie acid, which recombines with 
the phosphate from some donator, t g phospho 
pyruvic acid ‘ 

1. Adenylpyrophosj hate + hexosemonophos 
phate -* adeny lie acid + hexosediphos 
pliate 

2 Adenylic acid + phosphopyruvic acid -*■ 
adeny lpy roj hosphate + py rune acid 


Under suitablo enzymic conditions only one 
P0 4 group is removed and adenosinediphos 
phone acid is formed, which acts as a co phos 
phorylaso in a similar manner to adeny ho acid 
Adenylic acid (adcnosinemonophospliate) may 
also act as a P0 4 donator yielding adenosine, 
which acta as a P0 4 acceptor Tho formation 
of these substances is discussed later on (p 37) 

III Magnesium Ions — Mg + * appears to 
bo necessary both for lactio acid formation in 
musclo and for tho fermentation of sugar by 
yeast It cannot bo romoved from zymin or 
dried yeast by washing with water, which 
removes adenylpyrophosphato and co-zymasc, 
but it is removed when the washing is effected 
with KH.PO, solution It appears to bo 
necessary for phosphorylation but not for the 
action of tho dehydrogenases 

IV Manganese Ions — Mn + * appears also 
to bo essential cither alono or in conjunction with 
Mg + + for tho attainment of a maximum rate of 
phosphorylation, tho concentration required 
being about 0 001% (Olilmoycr and Ochoa, 
Naturvviss 1937, 25, 253) Thero is still some 
doubt (sec p 38) as to tho function of both 
Mg and Mn (see idem, Biochcm Z 1937, 293, 
338) 

V C o- ca rb oxy I ase.— Washed zymin readily 
decomposes pyruvic acid (Harden, Biochem, 
J 1913, 7, 214, Neuberg and Rosenthal, 
Biochcm Z 1913, 61, 128), but a co carboxylase 
is present This can bo removed from zymin 
by washing with a phosphate solution at pn 
7-8 or from maceration oxtract by dialysis 
against Na 2 HP0 4 solution (Auhagcn, Z 
physiol Chem 19J1, 204. 149, 1932, 209, 2) 
Co carboxylnso lias been isolated from bottom 
yeast in tho crystalline form (Lohmann ami 
Schuster, Naturvviss 1037,25,20, Biochcm Z 
1037, 294, 188), and according to these authors 
is a pyropliosphonc ester of vitamin B 4 , the 
liydrochlondo having tho formula 

CijH 21 0 8 N 4 P 8 SCI 

It has been synthesised chemically in small 
'ywriU by tbo action of FOC\\ on tho vrAsnsav 
(Stem and Hofer, Science, 1937, 85, 483) and 
cnzymically by tho action of dried yeast (washed 
free of co carboxylase) or of tho duodenal mucosa 
of tho pig on a mixturo of vitamin B 4 and phos 
phato at p n 0 7-0 8 (Tauber, Science, 1937, 
88 180 , see also\ on Eulcrand Vcstin, Naturwiss 
1937,25,410, Peters, Biochcm J 1937,31,2240) 
Tho orthophosphonc mono ester, produced by 
acid liy droly sis, has no eo enzy nuo activity 

Inactivation of Zvmin and Dried Yeast 
rv Washing 

IV hen dried yeast or zymin is washed with 
water several stages of inactivation can bo dis 
tinguishcd, tho most important of which are 
the following (tee Stheeman, Proc K. Akad 
\\ ctcnsch Amsterdam, 1929, 32, 420 (No 4), 
1930, 33, 889) •— 

(J) Tho residue produces no fermentation 
with glucose (or fructose) and phosphate, hut 
can be reactivated by hydrogen acceptors eg 

l^enbcrg and Schwcnk, Biochem 
t in 1 2 aldehydes (Harden, Biochem 

J 1917, U, Cl), methylene blue (Stheeman) 
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{2} A stage is readied at •which, hexosedi- 
phosphate can he fermented, hut not the hexoses 
even in presence of phosphate (see Ileyerhof. 
“ Die chemischen Yorgange im Ilnskel,” 1930, 
p. 163). 

(3) After still more thorough washing the 
residue requires for activation : (a) a hvdrogen 
acceptor, (0) h e rosedip ho sp hate, and (c) co-zy- 
mase. If a comparatively large q uant ity of 
co-zymase is present, hexosediphosphate is not 
required. 

(4) If the preparation be washed with a 
solution of KH.PO^ the magnesium is removed 
and such a residne cannot be activated unless a 
magnesium salt he also added. 

(5) Finally, washing with alkaline phosphate 
removes the co-carboxylase (p. IS). To fer- 
ment sugar sneh a preparation reqnires hexosedi- 
phosphate, adenylpyrophosphate. co-zymase, 
co-car boxylase and a Mg salt (Lehmann and 
Fen nsfer, Biochem. Z. 1937, 294, 1SS). 

The Function of Phosphates ir> Alcoholic 
Fermentation . — The addition of a soluble 
phosphate to a fermenting mixture of yeast 
juice or maceration extract and sugar produces 
a remarkable effect. The rate of fermentation 
is greatly increased, gradually attains a maxi- 
mum, and remains at this high value for a 
certain time, after which it rapidly falls until 
it is again approximately the same as before the 
addition of phosphate. During this period of 
enhanced fermentation, the amounts of carbon 
dioxide and alcohol produced exceed those 
which would have been formed in the absence 
of added phosphate by an amount exactly 
equivalent to the phosphate added in the ratio 
R,HP0 4 :C0.-yC.H e 0 (Harden and Young, 
Chem. Soc. Proc. 1903, 21, IS9). The phosphate 
is, at the same time, converted into a mixture 
of phospho-organic compounds the phosphorus 
of which is not precipitated by magnesium 
citrate mixture or uranium salts (Harden and 
Young ; Ivanov, Z. physioL Chem. 1907, 50, 2S1). 

It was at first thought that only one phos- 
phoric ester was formed, hexosediphosphate, 
C*H I0 O,(PO,H »},, and the reaction which 
occurred was formulated : 


(1) 2C S H 1 .0 6 -I2R.HP0_ 1 ^ 


2 ° 


It was subsequently found that a mixture of 
hexcsemonophosphoric esters C 6 H 11 0 3 (P0 4 H 2 ) 
was also produced (Harden and Robison, Proc. 
Chem. Soc. 1914, 30, 16; Robison, Biocherm J. 
1922, 16, S09) according to the empirical 
equation (Harden and Henley, Blochem. J . 
1927, 21, 1216 ; 1929, 23, 230} 

(la) 3C e Hj,0 6 -r-2R,HP0^ -»■ 
2C e H 1 i0 5 (P0' t R,)-42C0.4-2C.H s 0-r2H.0 


It is a remarkable fact that, as the result of 
adding phosphate, the molecular ratio of the 
CO, produced to the phosphate esterified re- 
mains approximately constant and equal to 
unity whatever the relative proportion of mono- 
phosphoric and diphosphoric ester produced 
(Harden and Henley, I.e. ; P.obison and Morgan, 
Hid. 1930, 24, 119: see clmKlnyver and Struyk. 
Proc. K. Aksd. Weteasch. Amsterdam, 192S, 
31, SS2) (tee later, p. 30). 


The proportions in which the mono- and di- 
phosphorie esters are produced vary consider- 
ably with the nature of the yeast preparation 
and are influenced by factors not yet properly 
understood. Thus yeast juice and* maceration 
extract may produce monophosphorfc ester 
varying in amount between 10 and 80% of the 
phosphate esterified; dried yeast and zymin 
usually produce about 10-410% of mono- 
phosphoric ester. The mechanism of (-his 
reaction is discussed later on. 

_ In presence of excess of sugar the esterifica- 
tion proceeds according to a unimolecnlar 
reaction, and is most rapid at a faintly alkaline 
j reaction (von Euler and Kullberg, Z. phvsiol. 
j Chem. 1911, 74, 15). ’ " 

The existence of this reaction rendered it 
; probable that phosphates were essential for the 
alcoholic fermentation of the sugars by yeast 
juice and that in their absence no fermentation 
would occur. This conclusion has been con- 
fixmed in a very striking manner by experiment. 
A mixture of enzyme, co-enzyme, and sugar can 
be prepared which contains no more than 
traces of free phosphate or hexosephosphate 
and very little phosphorus in any form which 
can yield phosphate by enzymic action. Such a 
mixture is ’almost completely devoid of fer- 
menting power, but ferments readily when a 
small proportion of phosphate is added. In a 
particular case, the phosphate-free mixture 
only gave 1-5 c.c. of carbon dioxide, whereas in 
presence of phosphate 132 c.c. were produced 
(Harden and Young, Proc. Roy. Soc. 1911, B, 
83, 451). As the result of the reaction expressed 
by equations (1) and (la) practically the whole 
of the free phosphate of the juice is converted . 
into hexosephosphates and the fermentation 
should therefore come to a close unless some 
means of regeneration of free phosphate were 
provided. It was thought at the time that the 
necessary phosphate was supplied by the 
hydrolysis of the hexosephosphate, which is 
effected by an enzyme, termed hexosephos- 
phataee, and yields a hexose and a phosphate : 


( 2 ) 


CgH IC 0 1 (P0 1 R.) 


.4-2H.O 

=C 6 H 1 ;0 6 -r2R;HP0 4 


both the hexose and the phosphate thus formed 
entering again into reaction (1). It now appears 
that this reaction is only of subsidiary im- 
portance and that the hexosediphosphate is 
fermented without preliminary hydrolysis (tee 
later, p. 21). 

It is now possible to understand the con- 
ditions which prevail in yeast juice fermenting 
glucose in the presence or absence of added 
phosphate. "When the proper or optimnm 
amount of phosphate is added, reactions 1 and 
la proceed at the maximum rate, and this 
rate affords a measure of the concentration of 
the fermenting complex present in the juice. 
When all the phosphate has been converted 
into hexosephosphates the rate falls to a lots 
level, the so-called normal or basal rate cf 
fermentation, which represents the rate of 
fermentation of a mixture of hexosephosphate 
and glucose in absence of inorganic phosphate. 

Several minor points remain for consideration 
with regard to the action of phosphate. In the 
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first place, phosphate not only sets up a tempo 
ranly enhanced fermentation, but also con 
siderably in creases the total fermentation 
produced, apparently by means of a protective 
action of the hexosephosphate on the various 
enzymes concerned Excess of phosphate pro 
duces a secondary inhibiting effect, and may 
lead to a diminished fermentation instead of an 
enhanced fermentation Excess of arsenate 
and arsemto produces similar effects but are 
much more marled in their action, often leading 
to total inhibition A similar effect is produced 
by many other salts (Meyerhof, Z physiol 
Chem 1918, 102, 185), bo that the phosphate 
exerts both a specific action and a general salt 
effect see Harden and Henley (Biochem J 
1921, 15, 312) 

Fructose produces a much greater rate of 
fermentation in presence of phosphate than does 
glucose, and the optimum concentration of 
phospliato is greater in presence of fructose than 
in presence of glucose, as shown by the following 
numbers referring to 10 c c of yeast juice — 
Optimum concentration of Maximum rate of fer 

phosphate In terms of a mentation In c c of 
molar solution CO, per S minutes 

Glucose Fructose Glucose Fructose 


0 034 

0 085 

75 

32 2 

0 012 

0 120 

64 

28 4 

0 026 

0130 

80 

17 0 

0120 

0180 

16 2 

31 2 


Zymin and dried yeast also react with phos 
phato in a similar manner to yeast juice, but the 
rate js not so greatly increased, and the effects 
are not so marked 

Effect of Arsenate — When Na arsenate is 
added to a fermenting mixture of jeast jtuce 
and sugar, the rate of production of CO ? and 
alcohol is greatly increased, the maximum rate 
m presence of the optimum concentration of 
arsenate (about 10~ s M) being 6-10 times the 
normal and of tho same order as the maximum 
attainable with phosphate (Harden and Young, 
Proc Chcm Soc 190b, 22, 283 , Proc Roy Soc 
1911, 8315, 451) This high rate continues for 
a considerable time and there is no equivalence 
between tho extra amount of CO, evolved and 
tho arsenate added, there is no accumulation of 
hexosephosphates, nor has any hexosearsemc 
ester been isolated (c/ Braunstein, Biochem Z 
1931, 240, C8 , ibid 1934, 271, 285 , Braunstein 
and Levitov, ibid 1932, 252, 66) A similar 1 
but less marked effect is caused by arsemto 
Tho effect has been traced to a specific accelera 
tion of the rate of fermentation of hexosedi 
phosphate (see p 39) Arsenate does not 
accelerate the fermentation of hexosemono 
phosphate 

The II ex os e phosphates or Febhentatiov 
The product of fermentation of the hexoses, 
glucose, fructose, mannose and galactose by 
yeast preparations m presence of inorganic 
phosphate is a complicated mixture containing 
a number of hexosephosphonc esters, and all 
these sugars appear to pc Id the tame products 
" erc ttre present. In addition to hexosedi 
phosphate, a mixture of the monophosphonc 
esters ot glucose, fructose and mannose (Robi 
•on, Biochem J 1022, 16, $00, 1932,26 2191 , 1 


Robison and Morgan, ibid. 1930, 24, 119 , 
Robison and King, *btd 1931, 25, 323), some 
times, especially when dried yeast has been 
used, trehalosemonophospbate (Robison and 
Morgan, ibid 1928, 22, 1277), as well as small 
amounts of phosphopyruvate, tnosephosphate, 
a glycerophosphate, phosphogly cerate and 
other not jet identified constituents The 
products are best separated by the method of 
Robison and Morgan (Biochem J 1930, 24, 
119) which consists m removing the yeast 
protein which is always present by trichloro 
acetic acid (4%) and then precipitating the 
hexosediphosphate and inorganic phosphate by 
barium acetate and baryta at p B 8 4 The 
hexosemonophosphates and trehalosephosphate 
form soluble barium salts and are precipitated 
from the filtrate by basic lead acetate (For 
other methods of extraction, see Robison, 
Biochem J 1922, 16 809, Neuberg and 
Leibowitz, Biochem Z 1927, 184, 489) 

Ilexosed iphosph ate — The crude barium salt 
obtained as described is extracted with 200 
parts of cold water at p B 8 6 The clear filtrate, 
which is free from inorganic phosphate, is 
treated with alcohol to incipient precipitation, 
and then heated at 70° in a water bath The 
barium salt, which is less soluble in hot than in 
cold water, is precipitated and is filtered off at 
70° and dried at a low temperature over P 2 O s 
»n tacuo 

All the metalhc salts are amorphous, and the 
magnesium, calcium, barium and manganese 
salts, which are only sparingly soluble, are more 
soluble in cold than in hot water, and can be 
purified by taking advantage of this property 
The free acid has not been obtained in the pure 
state, but in solution is faintly dextrorotatory, 
[a) D =+3 4 q It is decomposed when boiled 
alone or with acids yielding phosphoric acid and 
fructose 

Hexosediphosphate is present in freshly 
prepared yeast juice, in yeast extract and in the 
solution obtained by adding tuchloroacetic 
acid to actively fermenting yeast (see p 40), 
so that it may be regarded as certain that it is 
present in the living yeast cell 

It is, however, remarkable that hexose 
diphosphate is not fermented by bving yeast 
This fact was first observed by Ivanov, and has 
been confirmed by Harden and Young, and by 
\on Euler and Backstrom, who have also found 
that the hexosediphosphate accelerates the 
fermentation of glucose by yeast although it is 
not itself either hydrolj sed or fermented 

Constitution of Hexosedi phos phone Ester — • 
Ivanov regarded this compound as a tnosemono 
phosphoric ester, C s H s 0 2 (P0 4 H 2 ), but the 
evidence on which this view rests was shown to 
bo unsatisfactory von Lebedev, on the other 
hand, at first regarded it as a hexosemonophos 
phone ester, basing this view solely on the 
composition of the phenylhydrazine denvative, 
C,H S NH NH 2 ,H 2 P0 4 CH 2 [CH OH]. 

C(N t C e H # )CH(N,C,H 4 ) 
which is the phenylhydrazine salt of a mono 
phosphoric ester of hexosazone Young, how- 
ever, supported the ongmal view of Harden 
and Loung, which is now generally accepted. 
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that the compound is r- hexosediphosphoric 
ester, c 6 h 10 9,(po,h,) ,, since analyses of the 
salts agree with this formula ; phosphoric add 
is split off during the formation of the phenyl- 
hydrazine derivative, bnt a hydrazone con- 
taining two phosphoric add groups for one 
molecule of hexose has been prepared. 

Young concluded from his investigations that 
one phosphoric acid group occupied position 1 
in the carbon chain of the sugar. It has now 
been found that on methylation the ester yields 
a mixture of c- and /2-methylhexosedipnosphoric 
esters which, on treatment with bone phosphatase 
to remove the phosphoric groups, gives rise to 
the corresponding a- and jl-methyifrnctosides. 
These are derivatives of the y-form of fructose 
(frncto-furanose), so that the ester itself must 
also be a derivative of this form of fructose 
(Morgan, Biochem. J. 1927, 21, 675: Morgan 
and Robison. Biochem. J. 192S, 22, 1270) as 
shown in the formula 

1 ch.-o-po 3 h ; 


2 HO C 



6 CH.-0-P0,H s 

It may be concluded from this that the 
second phosphoric group is in position 6, as 
otherwise it would be expected that the pyranose 
form of fructose -would be obtained. 

Fermentation of Hexotediphosphoric Ester . — 
Yeast preparations can be obtained which con- 
tain so little co-enzyme that they are no longer 
capable of fermenting sugars but still ferment 
hexosediphosphate. This led Meyerhof to the 
condusion that hexosediphosphate could be 
directly fermented without a preliminary 
hydrolysis to hexose and phosphoric add. This 
conclusion is confirmed by the observation 
(Meyerhof. Biochem. Z. 1927, 183, 176 ; Ray- 
mond, J. BioL Chem. 192S, 79. 637 : Mscfarlane. 
Biochem. J. 1930, 24, 1051} that in the absence 
of co-enzyme arsenate does not produce any 
acceleration in the rate of hydrolysis of hexose- 
dipbosphate. It is therefore evident that two 
mechanisms exist for the production of alcohol 
and CO. from hexosediphosphate : (1) hydro- 
lysis to hexose and phosphoric add, followed by 
fermentation accompanied by partial re- 
esterification of the sugar : (2) direct fermenta- 
tion without pre limina ry hydrolysis ; this is 
the process -which is accelerated by arsenate 
(tee p. 39). This second process requires the 
presence of co-enzyme, but in much smaller 
concentration than is needed for the first process. 
In the fermentation of sugars by yeast prepara- 
tions these reactions probably occur simul- 
taneously and are jointly responsible for the 
regeneration of phosphoric add. but the greater 
part of the change is due to direct fermentation. 

Hexossrr.orophosp'honc Esters . — F or the further 
purification of these the basic lead salts obtained 
as described above (p. 20) are reconverted into 


barium salts which can be precipitated from 
aqueous solution by alcohol. The resulting 
product (Robison, Biochem. J. 1922, 16, 809; 
Robison and Morgan, Biochem. J. 1930, 24, 
119; Robison and King, J.S.CJL 1929, 48, 14; 
Biochem. J. 1931, 25, 323) is a mixture which 
has not yet been completely resolved, but the 
substances described below have so far been 
isolated from it, mainly by fractional crystal- 
lisation of the brucine salts. 

(1) An aldose ester, glueose-6-phosphoric ester, 
the brucine salt of which is only sparinslv 
soluble in methyl alcohol. The reducing 
power of the barium salt to alkaline hypoiodite 
corresponds to that of the glucose contained in 
it. whilst to Hagedom and Jensen’s reagent it is 
about 7S% of this. [c]- 16l is -f 20-6" for the 

| barium salt, -f-41 -4~ for the free add. It is 
very resistant to hydrolysis by add, apparently 
yielding d-glncose. Bone phosphatase hydro- 
lyses it with formation of both glucose and 
fructose. Bromine oxidises it to a phospho- 
glcconic add, which is converted by phospha- 
tase into d-gln conic add. It- yields the same 
phospho-osazone as hexosediphosphoric ester 
and Xeuberg's monophosphoric ester and, 
therefore, contains the phosphoric group in the 
I same position (probably 6) as these compounds. 

(2) A second aldose ester, mar.nosemono- 
phosphoric ester (Robison, Biochem. J. 1932, 26, 
2191). The [c] 5 , 6I of the barium salt is -f- 3-5°, 
of the free acid -f 15-F, it yields a characteristic 
hydrazone and the same phenylosazone as that 
obtained from glucose- and frnctose-monophos- 
phoric esters and hexosediphosphoric ester. It is 
therefore probably d-manuose-6-phosphoric ester. 

(3) A ketose ester, probably identical with 
the main constituent of Xeuberg’s ester ( frutio- 
* itranose-&-p}.o-tphoric ester). This is obtained 
from the more soluble fraction of the brucine 
salt, by precipitation of the barium salt, after 
oxidation of any of the aldose constituent which 
mav still be present by means of bromine and 
barium carbonate. 

(4) In addition to the foregoing the presence 
of compounds of a different type is also indicated. 
When dried yeast, or bottom yeast in presence 
of toluene (Yeibel, Z. physiol. Chem. 1931, 139, 
350) (but not yeast juice) is used for the fer- 
mentation a certain amount of trehalosemono- 
phosploric ester is produced (Robison and 
Morgan, Biochem. J. 1928, 22, 1277). The 
barium salt of this is prepared from the most 
soluble fraction of the mixed bariu m salts and 
is finally obtained in the crystalline form by 
precipitation with alcohol. It- ha s no reducing 
power; [c] 5151 is -fl32° for the barium salt, 
4-1S5' for the free acid. Bone phosphatase 
hvdrolyses it to trehalose. Hydrolysis with 
aad yields glucose and a glucosemdnophosphoric 
ester, the constitution of which has not yet been 
determined. The ester is fermented by yeast 
preparations. 

(5) Another interesting substance, present to 
the extent of 1- 2% in the crude hexosemono- 
phosphate, gives a green coloration when 
treated with orcinol and hydrochloric add 
identical with that given by the mannoketo- 
heptose isolated from the Avocado pear by 
La Forge (J. Biol. Chem. 1917, 28, 511). The 
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constitution of this new ester and that of the 
non fermentable reducing sugar obtained from 
it by the action of bone phosphatase have 
not yet been ascertained, but the sugar is 
probably a mixture of a mannoketoheptose with 
other sugars of a similar type (Robison, Mac 
farlane and Tazelaar, Nature, 1938, 142 114) 

A similar mixture of mono esters obtained 
from muscle (Embden and Zimmermann, Z 
phjsiol Chem 1927, 167, 114) is known as the 
Embdtn ester The phosphoric ester produced 
by the action of autolysed and dialysed muscle 
extract on glycogen (see p 36) is also of a 
similar character This reaction provides a con 
vement method for preparing the mixed eater 
The formation of these mixtures is probably 
due to the presence of an enzyme (phospho 
hexomutase) which rapidly converts glucose , 
mannose or fructose monophoaphonc ester, 
probably by way of an enoho form common to 
all of them, into an equilibrium mixture of the 
three, containing about 70% aldose ester and 
30% hetose ester (Lohmann, Biochem Z 1933, 
262 132 , Robison, Biochem J 1932, 26, 
2191) This mixture, originally termed the 
Robison ester, is so termed through this article, 
but Meyerhof suggests that it should be known 
as the equilibrium ester, and the name Robison 
ester reserved for glucose 6 phosphate The 
fermentation of hexosemonophosphate is dis 
cussed later (see p 30) 

The Neuberg Ester — An ester which is prob 
ably identical with the hetose ester desenbed 
above was obtained by Neuberg (Biochem Z 
1918, 88, 432) by the partial hydrolysis of 
hexosediphosphone ester by boiling for a short 
time with oxalic acid It has [a] D +0 4° for 
the banunt salt, + 1 5° for the free acid It 
reduces Hagcdom and Jensen’s reagent to the 
same extent as the Robison ester, but only 
reacts to a small extent (5-10% of the hexoso) 
with alkaline hypoiodite This may possibly 
be due to the presence of some aldose ester l 
the material used for its preparation It is 
fructosemonophosphonc ester, which is probably 
frveto/uranose 6 phosphoric ester 

A substance W hich is probably fruclopyranose 
1 phosphoric ester is found among the products 
of the action of bone phosphatase on fructosedi 
phosphoric ester It is strongly lrevorotatory 
(calc [a) s(a „ for Ba salt=— 30°, for the free 
ester —62 2°) and is very rapidly hydrolj sed by 
acid, l_for A' HCI at 100®=75x 10 -3 (MacLeod 
and Robison, Biochem J 1933, 27, 286) 

Another licvorotatorj fructosemonophosphate, 
[a], u , —24® (Ba salt) is formed during the acid 
hydrolysis of hexosediphosphate or fructose 
monophosphate Its formation is probably due 
to the migration of the 6 phosphoric acid group 
(Macfarlane and Robison, Enzy mologia, J937, 
4, 125) 

An aldose 1 phosphate has been obtained by 
Con and Con (Proc Soc Exp Biol Med 1936, 
34 702 , Con, Colowick and Con, J biol Chem 
1937, 12J, 465) by incubating washed minced 
frog mu«elo m phosphate buffer (see also 
Kendal and Stickland, Chem and Ind 1937, 66 
930), and can also be prepared by the action of 
rabbit muscle extract on glycogen in presence 
of lodoacctic acid (Kiesshng, Biochem Z 1938, 


421), and by synthesis from acetobromo 
glucose (Con, Colowick and Con, l c ) Evidence 
is accumulating that this substance is the first 
product of phosphorylation of glycogen and also 
that it can be enzymically reconverted into 
glycogen and H 3 P0 4 (see Kiesshng, Naturwiss 
1939, 27, 129, Schaffner, ibid 2939, 27, 195) 
It has no reducing power (Hagedom and 
Jensen , hypoiodite) and is very readily 
hydrolysed by acid to glucose and phosphonc 
acid When added to dialysed muscle extract 
it rapidly passes into an equilibrium mixture of 
hexose 6 monophosphates (Embden ester) 

The [a] D for the Ba salt is +75°, for the free 
acid +120° 

Hydrolysis or the Phosphoric Esters or 
Fermentation — The phosphonc acid groups 
of the hexosephosphonc esters, adenylic acid, 
adenyl pyrophosphate, phoaphogly ceric acid, 
phosphopyruvic acid, etc , are removed by 
hydrolysis with acid, according to a unimole 
cular law, at different rates, and this fact has 
been utibsed for analytical purposes as well as 
for the identification of the various compounds 
In practice the hydrolysis is carried out with 
N HCI in a sealed capsule at 100° for a fixed 
time and the amount of inorganic phosphate 
liberated is then estimated (see Lohmann 
Biochem Z 1928, 194, 306) Velocity constants 
of the hydrolysis of a number of these compounds, 
are given below 

fcxlO* 

Hexosediphosphate First group 22 0 

Second „ 4 2 

Hexosemonophosphate (Robison ester) 0 2 

Neuberg ester (fructose 6 phosphate) 4 36 

Glucose 6 phosphate 0 26 

Mannose 0 phosphate 0 29 

Fructofuranose 1 phosphate 75 

Phosphoglycenc acid 0 14 

Adenylic acid 2 3 

Adenylpyrophosphate 250 

Phosphodihydroxyacetone 33 7 

Phosphoglyceraldehyde 37 5 

Glucose 1 jihosphate 200 

Apparent Dissociation Constants of the 
Hexosephosphates — The hexosephosphates 
produced m alcohobc fermentation are stronger 
acids than phosphoric acid and their formation 
is therefore accompanied by a fall in the p R 
of the solution The dissociation constants are 
Pk. 


1 99 6 81 

0 97 6 11 

— 6 12 
0 94 6 11 


1 Phosphonc acid 1 
Hexosemonophosphate 
Neuberg ester 3 
Embden ester 3 
Robison ester 3 
Hexosediphosphate 

Harden and Young ester 1 I 48 6 29 

Harden and Young ester, 1st 
group 3 — (6 1) 

Harden and Young ester, 2nd 
group 1 — (6 5) 

Glucose 1 phosphate 4 1 II 6 13 

J Meyerhof and Suranyl, Biochem Z 192<S 178,427 
lP27. r 24 { 559 d FlBChtr * Proc Soc Bl01 Med 

i $J*7*rhof And lohmann, AatnrwlM 1920 14 1277 
Cori. Colowick and Cori J Biol Chem 1937,121, 
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Meyerhof e Scheme II of the Stationary Phase (B) (Reaction of 2 mol glucose) 


i 111 hexosediphosphate ; 


: 1 II phospho 
gtyceraldehyde 


' HI phospho •) 
dihydroxyacetone | 


1 M phosphodihydroxy 
acetone 


P 


M phos 
photnose 


2 II phosphotnose -f- 2 M glucose + 2 M phosphoric acid + 2 11 acetaldehyde - 
=2 II 3 phosphoglycenc acid + 2 M hexosemonophosphate + 2 II alcohol 


5 2)1 3 phosphoglycenc ; 
acid 


■ 2 M 2 phosphoglj ceric i 
acid 


8 2 II hexosemono + 2 M phosphopyruvic = 2 M pyruvic + 
phosphate acid acid 


II phosphopjTU nc acid-p2H 2 0 
M hexosediphosphate 


f 2 II pyruvic acid— 2COj-p2 II acetaldehyde 

I 


being coupled with the oxido reduction Tour 
mol of phosphocreatine are thus produced 

2 The oxido reduction of 2 mol of phos 
photnose and acetaldehyde, yielding phospho 
glyceric acid and alcohol is accompanied in 
presence of glucose and inorganic phosphate by 
the phosphorylation of 2 mol of glucose by in 
organic phosphate toform hexosemonophosphate 
This requires co zymase (co phosphorylase and 
co dehydrogenase) and protein B and is catalysed 
by hexosediphosphate. Hexosemonophosphate 
is thus the primary product of esterification of 
glucose Further evidence in support of this 
conclusion is given in the section on Fhosphoryla 
tion (p 37) 

3 The hexosemonophosphate is converted 
into hexosediphosphate by transference of 
phosphate from phosphopyruvic acid (This 
requires protein A, Mg(Mn) and adenylic acid 
or other co phosphory'iase (see later, p 2i) ) 

4 In agreement with Harden and \ oung's 
original equation, the products formed from 2 
mol of glucose are 2 mol each of CO. and 
alcohol+lmol hexosediphosphate The scheme 
showB that it is in the coupled reaction (ij), m 
which 2 mol phosphotnose are oxidised to 
form 2 tool phosphoglycenc acid, that 2 mol of 
inorganic phosphate are estenfied to form 2 mol 
hexosemonophosphate These 2 mol of hexose 
monophosphate are subsequently further esten 
fied to hexosediphosphate by transference of the 
phosphate of the 2 mol of phosphopyruvic acid 
resulting from the same coupled reaction The 
CO t (2 mol ) arising from the decomposition of 
the pyruvic acid thus formed is accordingly equi 
valent to the inorganic pbosphonc acid (J mol ) 
which has been estenfied 

It u not yet fully understood why the oxida 
tion of 2 mol of phosphotnose should be coupled 
with the esterification of preci«ely 2 mol of 
H,PO. rather than with less or more tef Need 
ham and Filial, Riochera J 1937, 3t, 1837), but 
the reason is probably to be sought m the energy 
relations of the two changes It has been stated 
that in the fermentation of glycogen this relation 


does not hold, more phosphoric acid being 
estenfied than corresponds with the CO, evolved 
(P 37) 

Meyerhof (Biochem Z 1937, 292, 25) sug 
ge sta that the presence of hexosemonophosphate 
in the products along with hexosediphosphate 
without disturbance of the ratio CO ^/estenfied 
phosphoric acid («ee p 19) may be explained 
by the transference of the phosphoric acid of 
some of the phosphopyruvic acid directly to 
glucose, a corresponding amount of hexosemono 
phosphate being left unchanged 

Fermentation of Hexosemonophosphate 
—The experiments of Meyerhof, Kiessling and 
Schulz (*6td 1937, 292, 25) with Warburg and 
Christian s restricted system (p 29) have shown 
that in the main path of the Alcoholic fermenta 
tion of glucose hexosemonophosphate is pro 
dueed by the phosphorylation of glucose by 
inorganic phosphate (by way of adcnylpyro 
phosphate) It is then converted into hexose 
diphosphate before being broken down to phos 
photnose This takes place by transfer of 
phosphate from phosphopyruvic acid In War 
burg and Christian 9 onginal test hexosemono 
phosphate undergoes two reactions the first of 
which is catalysed by hexosediphosphate and 
the second of which requires protein A 

(1) I Hexosediphosphate {^2 phosphotnose) 

+ 1 Hexosemonophosphate-)-2 Acetalde 
hyde+H J PO < -»• 2 Phosphoglycenc acid 
+2 Alcohol +- 1 Hexosediphosphate 

(2) 1 Hexosemonophosphate 4- I Phospho 

glycenc acid~>-l Hexosediphosphate-r 1 
Pyruvic acid 

The hexosediphosphate in (1) appears to 
remain unaltered hut in fact acts catalytically, 
being broken down and oxidised to phospho 
glycenc acid, whilst a fresh quantity 13 formed 
by the phosphorylation of hexosemonopbos 
ph&te In the presence of NaF more mono 
phosphate is phospho rylated and hence hexose 
diphosphate accumulates When hexosemono 
phosphate is acted on by unrestneted yeast 
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preparations, a rapid reaction ensues if in- 
organic phosphate is present, part of the mono- 
phosphate being fermented to CO, and alcohol 
and part converted into hexosediphosphate 
(Harden and Robison in “ Alcoholic Fermenta- 
tion ” (Harden), 1932, p. 139 ; Meyerhof and 
Lohmann, Biochem. Z. 1927, 185, 113; 

Meyerhof, ibid. 1934, 273, SO ; cf. von Euler and 
Myrback, Annalen, 192S, 464, 56). The change 
has not been very thoroughly investigated, but 
it appears closely to correspond in principle 
with reactions 1 and 2 above. An analogous 
change is produced by muscle extract. 


In all cases, according to Meyerhof, hexose- 
monophosphate is fermented by way of hexose- 
diphosphate and phosphotiiose. 

The Main Path of Lactic Acid Fobhauox 
nc Muscle Extbact. — Many of the reactions 
which are involved in the production of lactic 
acid in muscle extract have been incidentally 
discussed in the foregoing pages. Meyerhof 
sums them up in the following scheme (Ergebn. 
Physiol. 1937, 39, 69) which applies strictly to 
the changes undergone by hexoses, in the absence 
of creatine, in muscle extract to whichhexokinase 
has been added. 


Modified Scheme for the Main Path of Lactic Acid Formation. 

2 M. hexosediphosphate ^ 2M. phosphodihvdroxvacetone -> 2 M. phosphoglycerol 

+ if 

2 M. phosphoglyceraldehyde ->2 M. 3-phosphoglyceric acid 

2 M. 3-phosphoglyceric ^ 2M. 2-phosphoglyceric ^ 2 M. phosphopyruvic acid 
acid acid 

t 


за. 

зб . 

4a. 


or 

46. 


1 M. hexose -f 1M. phosphopyruvic = 1 M. hexosemono- 1 M. pyruvic acid 
acid phosphate 

1 M. hexosemono- 4- 1 M. phosphopyruvic = 1 M. hexosediphosphate -f 1 M. pyruvic 
phosphate acid acid 

1 M. hexose 4- 2 M. phosphoric acid -f 2 M. pyruvic acid 4- 1 M. hexosediphosphate 

(^ 2 M. phos- = 1 M. hexosediphosphate 4- 2 M. phosphoglyceric 4- 2 M. lactic 
photriose) acid acid 

4 


1 M. hexosemono- 4- 1 M. phosphoric 4- 2 M. pyruvic acid 4- 1 M. hexosediphosphate 
phosphate acid 

(^ 2M- phos- = 2 M. hexosediphosphate -f 2 M. phosphoglyceric 4- 2 M. lactic 
photriose) acid acid 


Creatine, as already explained, acts in presence 
of the adenylic acid system as a phosphate 
acceptor, and as such it can replace the hexose 
in reaction 4a. (For a detailed discussion of 
lactic acid formation in muscle, see Pamas, 
Ergebn. Enzymforsch. 1937, 6, 57.) 

Initial Phase of the Fermentation . — Before 
reactions 17, S, 6, £ (p. 30) can take place at the 
maximum rate, there must be a sufficient supply 
both of phosphotriose, derived from hexosedi- 
phosphate, and acetaldehyde. As these are 
produced at a late stage of the reaction in the 
stationary phase (equations 8 and £) there is 
an initial phase , during which the supply of 
these substances and the rate of fermentation 
gradually increase. 

Phosphoglyceric acid, from which the acet- 
aldehyde is derived (equations 6, 8 and £), is 
formed from phosphotriose by dismutation 
and the dismutation is accompanied by the 
esterification of a molecule of glucose first to 
hexosemonophosphate and then to hexosedi- 
phosphate. This reaction was formulated by 


Meyerhof and Kiessling (Biochem. Z. 1933, 267, 
313) and embodied in their first scheme of fer- 
mentation (ibid. 1935, 281, 249) as follows : 

A. Glucose 4- hexosediphosphate 4- 2H 3 P0 4 
[4phosphodihydroxyacetone -> 4 phos- 
phoglyceraldehyde] -> 2 a-phosphogly- 

cerol4-2 phosphoglyceric acid. 

It has now been further analysed into reactions 
a, f and y of Meyerhof’s Scheme II for the initial 
phase of the fermentation (see Meyerhof, 
Ergebn. Physiol. 1937, 39, 65). 

The phosphoglyceric acid is then decomposed 
according to reactions S and e (p. 32). 

The phosphoglycerol simultaneously produced 
takes no further part in the reaction, but is 
rapidly hydrolysed by the glycerophosphatase 
present and is the source of the glycerol which 
was first- observed among the products of fer- 
mentation by Pasteur. 

These reactions (a, /?, y) continue until suffi- 
cient acetaldehyde and phosphotriose are being 
produced for the reactions of the stationary 
phase to proceed at the maximum rate. As soon 
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Meyerhof s Scheme 11 of the Initial phase (A) {Reaction of 2 mol glucose ) 


2 M hexosedi ^ 
phosphate 


2 M phoaphoglycer 
aldehyde 
+ 

2 M phosphodihydroxy 
acetone 


$ M phosphodihydroxy 
acetone 


4 M phospho 
tnose 


/JIM phosphoric acid + 1 M glucose + 2 Jt phoaphotriose 

M hexosemonophosphato + 1 M phosphoglycerol + l M phosphoglyccnc acid 
y 1 M phosphoric acid + 1 M hexosomonopbosphato + 2 M phoaphotriose 
-1 M hexosediphosphate + 1 M phosph^ycerol + I M phosphoglyccnc <uid 


J 


5 2 M 3 phosphoglyccnc : 
acid 


2 M phosphopyruvic - 
acid 


: 2 M 2 phosphogly ceric i 
acid 


1 M glucose 


b 2 M phoaphopyruvio acid + 2H a O 


1 M hoxosediphosphato + 2M pyruvic acid 


2 M acetaldehyde 


as this is the case, the fermentation passes com 
plctely into the stationary phase and the further 
changes appear to bo effected entirely by ro 
actions a, ij 8J. { Phoaphoglycorol ceases 
to bo produced, whilst the hexosediphosphato 
(which is mixed with monophosphates) accumu 
latcs as shown m equation 8 
Period of Induction — During the initial phase, 
tho velocity of fermentation gradually increases, 
sometimes very slowly, until t|io rate correspond 
ing with tho stationary phaso is reached A pro 
longed period of induction is frequently observed 
with maceration extract (von Lebedev, Ann 
Inst Pasteur, 1012, 26, 8) and with zymin or 
dried yeast suspended in a largo volume of sugar 
solution (see Harden, ' Alcoholic Fermentation,’ 
1011, p 40) This period is abolished by tho 
presence of very small amounts (0 2 milbmolo 
culcs) of hexosediphosphato (Meyerhof, Z 
phymol Chero 1018, 102, 183), of substances 
which readily lead to its formation, such as 
adeny Ipy rophosphato (see Ohlmcycr, Biochem 
Z 1030 287, 225), or of tho intermediate pro 
ducts of its decomposition, phosphoglyccnc acid 
(Lipmann, ibid 1931, 274 412) and phospho 
pyruvic acid (Meyerhof and Kiessling ibid 1035, 
280, 0D) lienee no prolonged induction penod 
Is observed with yeast juice in which, in contrast 
to what happens In maceration extract, these 
substances are produced by theautofermcntation 
which Is alway s going on (See also on this sub 
jeet Harden and Macfarlane, Biochem J 1028, 
22,780, Ratagiri and \ amagashi ibid 1020,23, 
CM , Patterson, ibid 1031, 25, 1593 , Ray mond 
and Lerenc, J Biol Chem 1928. 79 621 , 
Mayer, Ihocbem 7 1027, 186 313, Nilsson, 
ArVir heml 'lm . Geol 1030, 10, A, No 7) 

The period of gradual rise in the velocity of 
fermentation (Garnnstieg) which occur* when 
a phosphate u added to yeast preparations 
and sugar Is one in which a similar increase 
of the rate of production of phosphotrio*o and 1 


acetaldehyde occurs Its duration is greatly 
diminished in the prcsonce of acetaldehyde and 
other reducible substances (Harden and Henley, 
Biochem J 1020, 14, 042 , 1021, 16, 175) which 
act, as suggested by Nouberg, as hydrogen 
acceptors Ihis is probably the explanation 
of tho stimulating effect on fermentation of 
many reducible substances which has been 
observed by Nouberg and his colleagues (Bio 
chem Z 1018, 88, 145. 1020, 101, 239, 276, 
109,290. 1021, 120,216) 

Oxldo Reduction and Phosphorylation 

In tho foregoing scheme no reference is mado 
to the mechanisms of the reactions Two of the 
processes involved bavo received much atten 
tion , (a) tho transfer of hydrogen in tho oxido 
reductions which occur , (6) tho introduction of 
phosphoric groups into tho sugar molecule 

Function of Co zymase (Co dehydrogenase 
I, CoJ in the Reduction of Acetaldehydf 
and Oxidation of Phosphotmose 1 The 
Reversible Action of Alcohol Dehydrogenase — 
It can readily bo demonstrated by the use of 
punfied co zymase that tho reaction between it 
and alcohol only occurs in presence of a specific 
apo dehvdrogenaso (prepared from yeast) and is 
reversible, the equilibrium being far to tho left 
of the equation given below 

Co+ alcohol Co H,+ acetaldehyde 

Acetaldehyde in presenco of CoH t will therefore 
bo almost completely reduced to alcohol, and it 
is this reaction whicu is responsible for the pro 
duction of alcohol in alcoholic fermentation 

Tbo change in tho CoH, can bo followed ex 
penmentally by measurement of tbo extinction 
coefficient (von Fuler, Adler and HeUstrdm, 
7 physiol Chem 1030 241, 230 , Warburg and 
Christian, Biochem Z 1036,286 81, 287,291) 
This reaction can also be demonstrated visually 
because the Co H, fluoresces brilliantly in ultra 
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Violet radiation. The addition of alcohol to a 
Eolntion containing co-dehydrogenase I and its 
apo-dehydrogenase and exposed to tdira- violet 
rays (340 mp) is followed by fluorescence of 
the solution. Subsequent addition of acetalde- 
hyde removes the 2 atoms of hydrogen from 
almost the whole of the CoH, and the fluores- 
cence ceases, provided that the apo-dehydro- 
genase is still present, but not if it has been 
inactivated by heat.. 

The constant of equilibrium is independent 
of the concentration of the enzyme but varies 
greatly with the p s (K=7-Sxl0-* at 6-4; 
0-S x 10 -4 at pg 7-7). This is because the rate of 
dehydrogenation of alcohol is at its maximum 
at pg S whereas the rate of hydrogenation of 
acetaldehyde is at its maximum at p s 6-6-4. 

2. Phosphotriose Dehydrogenase, — The function 
of co-zymase in the dehydrogenation of phos- 
photriose and in the dismutation of this sub- 
stance to phosphoglyceric acid and phospho- 
glycerol has not been so thoroughly studied as 
its function in the alcohol-acetaldehyde reaction 
because the specific apo-dehydrogenase is diffi- 
cult to obtain free from other apo-enzymes. It 
has, however, been investigated by experiments 
in which the hydrogen taken up by the Co from 
the substrate is transferred from the resulting 
CoH, to Methylene Blue. This does not occur 
directly, but probably in the main by way of 
the enzyme diaphorase (von Euler, see p. 346) 
and only to a smaller extent by way of War- 
burg's fiavin enzyme. These enzymes have the 
property of taking up 2H from the CoH, and 
transferring it to the Methylene Blue, which is 
thereby decolorised. It has thus been found 
(von Euler and Adler, Arkiv Kemi. Min., Geol. 
1936, 12, B, No. 16) that in a mixture containing 
apo-dehydrogenase (alcohol precipitate from 
yeast maceration extract ; von Euler and 
Adler, Z. physioL Chem. 1934, 226, 195, 205), 
co-zymase, diaphorase, phosphate buffer of p H 
7-6 and Methylene Blue, rapid decoloration 
occurs when phosphoglyceraldehyde is added, 
but only when co-zymase and diaphorase (or 
fiavin enzyme) are present. 

Dismutation of Ph osphol riose to Phospho- 
glyceric Acid and Phosphoglyeerol ( Glycerophos - 
phonic Acid). — As already explained (p. 316), this 
change is only of importance in the processes of 
alcoholic fermentation and lactic acid production 
in the initial stage and is replaced by the oxido- 
reduction of phosphotriose and acetaldehyde 
(or pyruvic acid) as soon as sufficient of these 
compounds is being produced for the establish- 
ment of the stationary phase in which acetalde- 
hyde (or pyruvic acid) acts as a hydrogen 
acceptor. The reaction may be formulated as 
follows (Adler and Hughes, ibid. 193S, 253, 71), 
the transfer of hydrogen being effected as in the 
case of the alcohol dehydrogenation by way of 
the reversible change Go == CoH,. 

(а) Phosphotriose (phosphoglyceraldehyde) 

4- (7o-phosphotriose — apo-dehydrogenase 
Phosphoglyceric acid 4- CoH, - phos- 
photriose — apo-dehydrogenase. 

(б) Phosphotriose (phosphodihydroxyacetone) 

4-CoH,- phosphoglyeerol- apo-dehydro- 
genase == PhosphogIycerol4-C'o-phospho- 
glycerol-apo -dehydrogenase. 

You. V. — 3 


Different apo-dehydrogenases but- the same co- 
dehydrogenase (co-zymase) are required for the 
two reactions. Evidence in support of this inter- 
pretation of the facts is that an extract can be 
prepared from brain which can effect the oxida- 
tion of phosphotriose to phosphoglyceric acid, 
but not its reduction to phosphoglyeerol (absence 
of phosphoglycerol-apo-dehydrogenase) or the 
oxido-reduction of phosphoglyeerol and pyruvic 
acid (Adler and Hughes, l.c.). In such an extract 
the presence of the phosphotriose dehydro- 
genase can be demonstrated by the reduction of 
Methylene Blue when diaphorase (p. 34) is 
added and the production of CoH 2 (Eq. a in the 
scheme on p. 336) can be demonstrated spectro- 
scopically. In muscle extract which contains all 
three dehydrogenases the CoH, is rapidly 
dehydrogenated and cannot be detected spectro- 
scopically. 

It has been already stated that in all these re- 
actions it is the complex of co-dehydrogenase 
and apo-dehydrogenase which reacts with the 
substrate. 

In contrast with this “ two enzyme theory ” 
of the mechanism of this reaction, is the opinion 
held by Green and his colleagues (Dewan and 
Green, Bioehem. J. 1937, 31, 1074; 193S, 32, 
626; Green, Needham and Dewan, ibid. 1937, 
31, 2327 ; Straub, Corran and Green, Nature, 
1939, 143, 119), who consider that the dismuta- 
tion is effected by a single enzyme, phospho- 
triosemutase, which probably has two active 
centres. 

The experiments of Quastel and Wheatley 
(Bioehem. J. 1938, 32, 936) on the enzymic 
reduction of K ferricyanide by various sub- 
strates in presence of muscle extract afford very 
strong evidence against the existence of specific 
mutases for these reactions. 

3. Oxido-Reduction of Phosphoglyceraldehyde 
and Acetaldehyde . — The question of the enzymic 
transference of hydrogen from phosphoglycer- 
aldehyde to acetaldehyde in presence of co- 
zymase Co I was studied (von Euler, Alder and 
Kyrning, Z. physiol. Chem. 1936, 242, 215) by 
examining various apo-dehydrogenase prepara- 
tions from yeast by means of the Methylene Blue 
technique for their ability in presence of co- 
zvmase to activate alcohol, phosphotriose and 
hexosediphosphate. It was thus found that 
different apo-dehydrogenases are required for 
the reactions with alcohol and phosphotriose. 
Hexosediphosphate only reacts in these con- 
ditions when zymohexase (aldolase) is present, 
which produces phosphotriose from it enzymi- 
callV- 

An apo-dehydrogenase specific to the alcohol 
reaction and inactive towards phosphotriose can 
be prepared by antolysing bottom yeast in 
presence of ethyl acetate and partially precipi- 
tating with alcohol. A solution of this precipi- 
tate in water is then treated with 3 vol. saturated 
ammonium sulphate solution and the precipitate 
dissolved in water and dialysed. An apo-de- 
hvdrogenase for the phosphotriose reaction has 
so far been obtained only as a mixture with the 
alcohol-apo-dehydrogenase. 

In the light of these experiments von Euler 
(Ergebn. Physiol. 1936, 38, 1 ; von Euler, Adler 
ancf Hellstrom, Svensk Kem. Tidskr. 1935, 47, 



FERMENTATION, ALCOHOLIC 


290, Z physiol Chem 1936, 241, 239) sug 
gested that the oxido reduction of phosphotnose 
and acetaldehyde to phosphoglycenc acid and 
alcohol might take place m the following stages 
D T is the apo dehydrogenase specific to phos 
photnose , D A that specific to alcohol , R CHO 
is phosphotnose, F flavin eazy me, co zymase (Co) 
is the di330ciable prosthet ic group of both of these 
apo dehydrogenases and is distributed between 
them 

1 R CHO+HjO+DiOo 

^ R COOH+DTCoHj 

2 D T <7oH,+ F ^ D T Co+FH t 

3 D*Co4-FH a ^ D A CoH a + F 

4 D A CoH.+CH a CHO 

D*Co+CH s CM, OH 
The intervention of the flavin enzyme i a not 
accepted by all workers (see Warburg, Die 
Umschau, 1938, Heft 2), and in view of later 
work its place should perhaps be taken by 
diaphorase (see below) 

Oxido Reduction or Phosphotriose and 
Pyruvic Acid — The changes which occur in 
lactic acid formation in muscle extract may 
probably be formulated in a similar manner to 
those in yeast preparations just desenbed, sub 
stitutmg pyruvic acid and lactic acid for acet 
aldehy de and alcohol Co zymase and two apo 
dehydrogenases appear to be involved — phos 
photnose — and lactic — apo dehydrogenase 
Oxido Reduction of Phosfhoolycebol and 
Pyruvic Acid, yielding phosphotnose and lactic 
acid, is of importance m the process of lactic acid 
formation in muscle extract and is to be formu 
lated on Bimilar lines to the oxido reduction of 
phosphotnose and pyruvic acid, co zymase and 
two distinct apo dehydrogenases — phosphogly 
cerol — and lactic — apo-dehydrogenases — being 
involved (see Adler, von Euler and Hughes, Z 
physiol Chem 1938,252,1) 

The reactions which occur in yeast propara 
tions aro similar to those which occur in muscle 
extract, but as already explained (p 3), phos 
phogljeerol Ass? xot appear to reset j rati 
acetaldehyde but is rapidly hydrolysed with 
formation of glycerol and pho9phonc acid (see 
Adler and Gunther, t&td 1938, 253, 143) 
Diaphorase — (Green t to enzyme factor ) 

The dehj drogenation of CoH t cannot he 
directly effected by such hydrogen acceptors as 
Methylene Blue or molecular oxygen, but pro 
cecda by way of a specific enzyme which is 
present in muscle extract and is termed dia 
phorase by von Euler, co enzyme factor by 
Green (Adler, von Euler and Hellstrom, Arkiv 
Kenu, Min , Geol 1937. 12, B, No 38, Adler, 
von Euler and Hughes, Z physiol Chem 1938, 
252, 1 , Dewan and Green, Nature, 1937, 140 
1097 , Green, Dewan and Leloir, Biochem J 
1937, 31, 76) It? specific function is to transfer 
the hydrogen of CoH a to cytochrome or Methy 
lene Blue, etc Acconling to Straub, Corran and 
Green (Nature. 1939, 143, 119) it is a flavopro 
tern, found also in heart mnscle (Straub, tbid 76), 
the prosthetic group of which is a flavin adenine 
dinueleotide arhurg a yellow tn~yme, which 
is a flavonrotem, the prosthetic group of which 
u phospholactoflavm (phospho-C 7 di methyl 
D-J t'nbityl imalloxazmc , see Karrer and 


Meerwem, Helv Chim Acta, 1936, 19, 264) 
discharges a similar function, but is much less 
efficient than dia phorase 

Another enzyme of analogous properties' 
(distinguished as diaphorase II) is present m 
many animal tissues and dehydrogenates CoIIH, 
and transfers the hydrogen to Methylene Blue or 
cytochrome (Adler, von Euler and Gunther, 
Nature, 1939, 143, 641) 

Function of Co zymase in Lactic Acid 
Formation in Muscle Extract — Until ie 
cently no experimental evidence had been 
obtained of the intervention of a co dehydro 
genase in the production of lactic acid m muscle 
extract, although the nature of the changes 
involved (oxido reduction of pyruvic acid and 
phosphotnose yielding lactic acid and phospho 
glyceric acid) rendered it probable, from analogy 
with alcoholic fermentation, that such a co 
enzyme was present Dialysed muscle extract 
(+ adenylic acid + Mg) converted glycogen into 
lactic acid without the addition of a dehydro 
genase (see Lobmann, Biochem Z 1931, 241, 
50) Very prolonged dialysis irreversibly in 
activated the enzymes so that the faculty of 
converting glycogen into lactic acid could not 
be restored 

It has since been found (Meyerhof and OhI 
meyer, Natunviss 1936,24,741, Biochem Z 
1937, 290 334) that prolonged dialysis of muscle 
extract (36-48 hours) renders it incapable of 
bringing about the oxido reduction of pyruvic 
acid and phosphotnose (or of hexosediphosphate 
in presence of zymohexase) either alone or in 
presence of adenylic acid and magnesium The 
addition of co zymase restores the activity com 
pletely As little as 0 4 pg of a 40% active 

co zymase ’ restored 10% 5 pg 50% and 
160 pg the whole of the original activity All 
these expenments were earned out in presence 
of NaF to prevent the further decomposition of 
the phosphoglycenc acid 

von Euler and his colleagues (Adler, von 
Euler and Hellstrijm, Nature 1936, 138, 968, 
fox Eolor, Adler sod Gaxiber, Arlar Koxx, 
Min , Geol 1936, 12, B, No 31 , von Euler, Adler, 
Gunther and Hellstrom, Z physiol Chem 1937, 
245, 217) have confirmed these observations 
and have also shown by direct spectroscopic 
measurements that Co and Co H a take part 
(a) in the reversible action of heart muscle 
dehydrogenase on lactic acid, for which a 
co enzyme was known to be necessary (cf 
Green and BroHteaur, Biochem J 1936, 30, 
1489) , (6) in skeletal muscle extract in the 
reversible dehydrogenation of lactic acid and 
in the reduction of phosphogly ceraldehyde to 
phosphoglycerol 

Phosphorylation 

1 PHOSPHORYLATION BY THE ADENYLIO 

Acid St stem in Lactic Acid Formation — 
After Lohmann’s (Biochem Z 1931, 237, 445) 
discovery that the readily dialysahle co enzyme 
of lactic acid formation id muscle extract 
consisted of two parts (see p 18b) (a) 

magnesium, (t) a denyl pyrophosphate (adeno 
sinetnpho8phate) it was early suggested 
(Meyerhof and Lohmann, Naturvma 1931, 
19,375, Biochem Z 1932, 253. 431) that the 
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esterification by phosphoric acid (phosphory- 
lation) which precedes the decomposition of the 
carbohydrate in lactic acid formation is accom- 
panied by a partial dephosphorylation of the 
adenylpyrophosphate, which is resynthesised in 
the further course of the reaction. Evidence 
that this was actually the case gradually accu- 
mulated (for reference to early instances of this 
kind, see Meverhof and Kiesslin<r. Biochem. Z. 
1935, 283, 106). 

The next positive step was made by Lohmann 
( ibid . 1931,271, 261)^who showed that in dialysed 
muscle extract phosphoric acid groups were 
transferred from phosphocreatine to adenylic 
acid yielding adenylpyrophosphate and creatine : 

2 Phosphocreatine— Adenylic acid 

-v 2 Creatine-:- Adenylpyrophosphate. 

The next important advance was made by 
Pamas and his colleagues. Pamas was led to 
these investigations by observations on the pro- 
duction of ammonia in muscle pulp. The origin 
of the ammonia was traced to the action of a 
specific deaminase on the adenylic acid formed 
by the partial dephosphorylation of adenylpyro- 
phosphate by a phosphatase present in the 
muscle ; the adenylpyrophosphate itself is not 
attacked by the deaminase : 

Deaminase 

Adenylic acid > Inosinic acid-r NH 3 

When conditions were favourable for the re- 
synthesis of adenylpyrophosphate from the 
adenylic acid, the liberation of ammonia ceased. 
(For a general account of this work, see Pamas, 
Klin. Woch. 1935, 14, 1017; Ergebn. Enzym- 
forsch- 1937, 6, 57.) 

Pamas and his colleagues (Pamas and Ostem, 
Nature, 1931, 134, 627; Pamas, Ostem. and 
Mann, Biochem. Z. 1931, 272, 61; 1935, 275, 
71) found that when adenylpyrophosphate was 
-added to muscle pulp poisoned by iodoacetic 
acid, the adenylpyrophosphate was decomposed 
and deaminated ; scarcely any phosphoric acid 
was liberated, but, as judged by the rate of 
hydrolysis of the products by JY-HC1 at 100, 
hexosediphosphate was formed- Hence the 
change which had occurred was presnmed to be 

Adenylpyxophosphate-r glycogen 

-s- Adenylic acid-1- Hexosediphosphate 
Adenylic acid -> Inosinic acid-b N H 3 

The decomposition of the adenylic acid under 
these conditions was stopped by the addition of 
phosphoglyceric acid, and adenylpyrophosphate 
and phosphocreatine were then found to be 
present. Hence it was presumed that the phos- 
phoric group of phosphoglyceric acid, or of 
some closely related derivative (subsequently 
found to be phosphopyruvic acid, Pamas, 
Ostem and Mann, Biochem. Z. 1935, 275, 163), 
was transferred to creatine and adenylic acid. 
"Whether the phosphorylation of creatine was 
direct or indirect was not at first determined, 
but this information was subsequently supplied 
independently and almost simultaneously by a 
number of workers (Ostem, Baranowski and 
Beis, ibid. 1935, 279, 985 ; Lehmann, ibid. 1935, 
281, 271 ; Meyerhof and Lehmann. Naturwiss. 
1935, 23, 337 ; Needham and van Heyningen. 


Biochem. J. 1935, 29, 2040 ; Nature, 1935, 135, 
5S5), who found that adenylic acid was essential 
for the change, whereas creatine alone had no 
effect and was not phosphorylated unless 
adenylic acid were present. 

(1) 2 Phosphopyruvic acid-r Adenylic acid 

2 Pyravic acid-r Adenylpyrophosphate. 

(2) Adenylpyrophosphate-r2 Creatine 

- 9 - Adenylic acid-i-2 Phosphocreatine. 

Reaction 2 is the reverse of Lohmann’s reaction 
and it appears that the reaction is reversible, an 
equilibrium being in all cases attained. 

The importance of the observations made by 
Pamas and his colleagues lay in the fact that 
they proved that the adenylpyrophosphate was 
reconstituted during the glycolysis from the 
adenylic acid formed at another stage of the 
decomposition (see equations 1 and 2, p. 185). 

Phosphorylation and Fermentation of Hexoses 
in Muscle Extract. — Hustle extract, prepared by 
extracting rabbit or frog muscle in the cold with 
water or KC1 solution, rapidly converts gly- 
cogen into lactic acid in presence of phosphate, 
hexosephosphoric esters, chiefly the diphos- 
phate, accumulating as in the alcoholic fermen- 
tation of glycogen by yeast preparations (p. 366). 
The extract only attacks the fermentable 
hexoses slowly, but in the presence of a thermo- 
labile activator ( hexohinase ), obtained from auto- 
lysed yeast by precipitation with alcohol, it 
rapidly converts added hexoses in the presence 
of phosphate into lactic acid (Meyerhof, Bio- 
chem. Z. 1927, 183, 176). Hexokinase has been 
found to he an apo-phosphorylase, capable of 
catalysing the transference of phosphate from 
adenylpyrophosphate to the hexoses, with for- 
mation of hexosemonophosphate (Meyerhof, 
Naturwiss. 1935, 23, 850), which is readily 
attacked by the muscle enzyme. 

PhOSPHOBYLXTIOX BY THE AdEXYLIC AcED 

Stst£H ix Alcoholic F ebmextatiox. — Adenyl- 
pyrophosphate has been isolated from yeast in 
the pure state Wagner-Jauregg, Z. physiol Chem. 

1936, 238, 129 ; see also von Euler, Adler and 
Petursson, Svensk Kem. Tidskr. 1935, 47, 249). 
It probably occurs in fresh yeast in the form of 
diadenosine-o-o'-tetraphosphoric acid (Meyerhof 
and Kiessling, Naturwiss. 1938, 26, 13). The 
adeninenucleotide (yeast adenylic acid) formed 
bv the hydrolysis (enzymic or otherwise) of 
yeast nucleic acid is adenosine-3-phosphoric acid 
and has no co-enzymic activity. It is rapidly 
hydrolysed by a phosphatase present in yeast 
to form adenosine and phosphoric acid. This 
adenosine is converted into adenosine-5-phos- 
phoric add (musde adenylic add), not the 
original 3-phosphoric acid, by treatment in 
presence of yeast extract with hexosediphos- 
phate and phosphoric add (oxido-rednctive 
phosphorylation) or with phosphoglyceric add. 
(Ostem and Terszakowec, Z. physiol. Chem. 

1937, 250, 155 ; Ostem, Baronowski and 
Terszakowec, ibid. 193S, 251, 25 S; Ostem, 
Terszakowec and St. Hnbl. ibid. 193S, 255, 104.) 

It was shown independently and almost simul- 
taneously by Lutwak-Mann and Mann (Biocbem. 
Z. 1935," 281, 140) and, less definitely, by von 
Euler and Adler (Arkiv Kemi, Min., Geol. 1935, 
12, B, No. 12) that adenylic add added to yeast 
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preparations played essentially the same part 
as in muscle extract in the transference of the 
phosphate group from phosphopyruvic acid to 
glucose The former workers by the use of a 
fixation method, demonstrated the production 
of pyruvic acid in the reaction They also 
showed that when added to hexose diphosphate 
m yeast maceration extract adenylic acid was 
converted into adenylpyrophosphate and con 
versely that the pyrophosphate added to glucose 
yielded hexosediphosphate 
Adenylpyrophosphate-)- glucose ^ adenyhc acid 
^-hexosediphosphate 

This last reaction they regarded as the starting 
pomt of alcoholic fermentation 
According to Ostern and hia colleagues (1 e ) 
muscle adenyhc acid may function m the trans 
fer of phosphate groups in yeast preparations 
either by cyclic conversion into adenosine, or by 
being further phosphorylated to adenosmedi 
phosphoric acid and adenosmetriphosphonc acid 
(adenylpyrophosphate) In muscle extracts the 
dephosphorylation of adenylpyrophosphate does 
not proceed below the adenosinemonophosphate 
(adenyhc acid) stage and under some conditions 
only goes as far as adeno a inediphosphoric acid 
(see Meyerhof, Schulz and Schuster, Biochem Z 
1937, 293 309) Under suitable conditions 
adenosine, adenosmephosphonc acid and adeno 
sinediphosphonc acid can all act as phosphate 
acceptors , the mono , di and tn phosphoric 
acid9 as donators 

PHOSPHORYLATION BV INORGANIC PHOSPHATE 
— All the cases of phosphorylation so far con 
sidered have involved the transference of phos 
phate from one compound to another without 
any increase in the total amount of combined 
phosphorus There are several reactions how 
ever, in the processes of alcoholic fermentation 
and lactic acid formation by preparations of 
yeast or muscle in which inorganic phosphate is 
estenfied 

1 Phosphorolysis of Qlycogen A In Muscle 
Extract — When glycogen and inorganic phos 
X>hate are added to muscle extract which has 
been submitted to autolysis and dialysis gly 
cogcn and inorganic phosphate disappear and 
hexosemonophosphato (Embden ester) is formed 
(Ostem Guthke and Terszakowec, Z physiol 
Chem 193G 243 9) The method maybe used 
for the preparation of hexosemonophosphate 
but unless care is taken the product may contain 
glycogen The addition of sdenylpyrophos 
phate or phosphoercatme is not required for the 
reaction, and under the foregoing conditions it 
only occurs with glycogen and not with glucose 
or fructose 

Paroas (see Ergebn Enzymforsch 1937, 6 
97) regards the process as a phosphorolysis m 
which phosphoric acid plays the part played by 
» water in hydrolysis There is no indication of 
the intermediate formation of glucose or any 
other hexose Muscle, however, contains an 
active amylase («<e Wilbt&tter and Rohdewald, 
Compt rend. Trav Lab Carlsberg 1933, 22 
S53) to that the possibility of amyla«e action 
has to be considered 

If adenvlpyrophosphate is added to the mix 
tare in which hexosemonophosphate has been 
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produced, a further reaction, which is not m 
hibited by lodoacetic acid, occurs and the - 
hexosemonophosphate is converted into hexose 
diphosphate 

2 Hexosemonophosphate + Adenylpyrophos 
phate -> 2 Hexosediphosphate + Adenyhc 
acid 

Confirmatory evidence that the formation of 
hexosediphosphate in muscle extract takes this 
indirect course is furnished by the effect on the 
process of phlondzm, which inhibits the for 
mation of the monophosphate much more 
strongly than its further phosphorylation 
Hence in autolysed and dialysed muscle extract 
containing monoiodoacetic acid and phlondzm 
no hexosemonophosphate is formed from gly 
cogen and phosphate, whereas when mono 
phosphate and adenylpyrophosphate are added 
hexosediphosphate and adenylic acid (which 
becomes deaminated) are formed 

The role of co enzymes in this reaction has 
been much discussed Parnas at first (Ergebn 
Enzymforsch 1937, 6, 67) held the view that 
no <X) enzyme was required, but subsequently 
(Parnas and Mochnacka, Compt rend Soc. 
Biol 1936, 123, 1173) found that some muscle 
extracts could be inactivated by autolysis and 
dialysis and by other methods, and could then 
be reactivated by adenylpyrophosphate, adenyhc 
acid or inosmic acid von Euler also considers 
(Bauer, von Euler and Lundberg, Z physiol 
Chem 1938, 255, 89) that the adenylic acid 
system is required and in this he is supported by 
KendalandStickland (Biochem J 1937,31,1768, 
1938, 32, 572) As regards the nature of the 
hexosemonophosphate formed, it seems probable 
that the first product is the non reducing Con 
ester (glucopyranose 1 phosphate , see p 226), a 
glycosidic linkage being first formed between 
the phosphoric acid and the hexose, and that, 
under the influence of a enzyme system, the 
action of which is greatly accelerated by mag 
nesium ions, the phospho group wanders to the 
6 carbon atom, glucopyranose 6 phosphate being 
formed which in its turn passes into the equih 
bnum Embden ester (Con, Colowick and Con, 

J Biol Chem 1937, 121, 4C5) 

It should be emphasized that of the hexose 
monophosphates which are known to occur in 
the crude hexosemonophosphato obtained either 
in muscle extract or in yeast preparations, i e 
glucose , mannose and fructose 6 phosphate, 
only the last can be converted by direct phos 
phorylation into hexosediphosphate (fructose 
l 6 diphosphate) Lohmann'a phosphohexo 
nutase (Biocbem Z 1933, 282, 1937), however, 
rapidly converts any one of these monophos 
phates into an equilibrium mixture of all three 
(see p 22 a) Hence, in presence of this enyzme, 
further phosphorylation of hexosemonophos 
phate tnay proceed in eveiy case by way of 
fructose 6 phosphate 

B P hosphoryla lion of Qlycogen and Ilexoses by 
Yeast Preparations — In the fermentation of 
glycogen, present in or 1 added to a yeast pre 
par&tion the relation between fermentation and 
esterification is different from that which obtains 
in glucose fermentation, the ratio of phosphoric 
ester produced to CO, evolved being much 
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higher (sec also p. 195). In presence of fluoride, 
which completely inhibits the esterification of 
the hexoses, the fermentation (evolution of CO,) 
of glycogen is almost completely inhibited, 
whereas esterification still goes on. although 
more slowly (70%). and hexosediphosphateaciu- 
mnlates along with phosphoglyeerie acid and 
phosphoglycerol formed mom the diphosphate. 
If acetaldehyde be present, phcsphoglycerie acid 
is the main product of the oxido-reduction. In 
presence of NaF this oxido-reduction is catalysed 
by the hexosediphosphate produced firom the 
glycogen. 

Isolated observations vrere early recorded, 
which pointed to the probability that hexose- 
monophosphate vts the primary product of the 
phosphorylation both of glycogen and hexoses 
by yeast preparations. Thus Nilsson (Arfciv 
Kemi, Min., GeoL. 1930, 10, A. No. 7) found that 
when trashed dried yeast, free from co-zymase 
but containing glycogen, tvas treated with phos- 
phate, hexosemonophosphate was formed. This 
reaction was inhibited by iodoacetate but not 
by fluoride (Nilsson, Zefie and von Euler, Z. 
physiol- Chen. 1931, 194, 53). 

According to Schaffher and his colleagues 
(ibid. 19357 232. 213; 234, 146; 1936. 238.. 
Ill ; 193S, 251, 144) the systems required for 
the phosphorylation of glucose and glycogen in 
yeast preparations are qnite distinct and can J 
be experimentally separated. Dialysed Lebedev ' 
extract phosphorylates glycogen vriihont any 
addition of co-enzymes, but oniy phosphorylates 
glucose urhen co-zymase and 'Mg are added, 
and when the coupled oxido-reduction of phos- 
photriose occurs simultaneously. One com- 
ponent of the Lebedev extract Trhich is essential 
for the phosphorylation of glucose is very 
sensitive to alkali (p^ S-6), but this component 
is not required for the phosphorylation of 
glycogen. The product in both cases is hexose- 
monophosphate. 

2. Peosphobylatioe or Maeeose by Yeast 
Pbefabatioys. — It has been found (Jephcott 
and Robison, Biochem. J. 1934, 23, 1844) that 
when dried yeast acts on mannose at 3S' only 
a comparatively small pro portion of hexose- 
diphosphate is produced and the large mono- 
phosphate fraction consists almost entirely 
of mannose-6-phosphate, vrhereas at 25" more 
hexosediphosphate is formed and the mono- 
phosphate fraction contains more glucose- ana 
fructose-phosphates. A suggested explanation, 
vrhich requires further experimental confirma- 
tion, is tha t normally msnnosemonophosphate 
is the first product, but passes, under the in- j 
finance ofiLohmann's phosphohexomutase (p.22c) 
into a form Trhich is converted by direct phos- 
phorylation into hexosediphosphate. At the 
Maker temperature the action of this enzyme 
mav be supposed to be inhi bited and the 
mannose monophosphate remains Unchanged- 

Direct evidence that in the fermentation 
of glued se bv yeast preparation the formation 
of hexosemonophosphate precedes that of the 
diphosphate rras obtained by Meyerhof (Bio- 
chem. Z. 1934, 27, 3S0) by estimating the 
amounts of the trro esters at intervals du rin g 
the first 20 minutes of the fermentation. It vras 
also found that the esterification preceded the 


evolution of CO. (see also Bovland, Biochem. J. 
1929,23,219; 1930, 24, 7). 

The interesting hypothesis that the first stage 
in the fermentation of sugars by yeast is their 
condensation to glycogen wMch is subseauentlv 
converted into alcohol and CO, has been sup- 
ported by WilktStter and Rohdevald (Z. 
physiol. Cnem. 1937, 247, 269) mainly on the 
ground that when yeast is added to a’ solution 
of glucose, a definite amount of the sugar dis- 
appears from the solution before fermentation 
can be detected and this amount can be recovered 
from the washed yeast by hydrolysis with acid 
or by Pfiuger’s method. However, the differ- 
ences mentioned above between the phenomena 
of fermentation of glycogen and of glucose 
provide a strong argument against Willstatter 
and Rofcdewald's explanation of their obser- 
vations (sec also Myrback, Ortenblad and 
Ahlborg, Enzymologia, 1937, 3, 210) ; Goda, 
Biochem. Z. I93S, 29S. 431). 

3. Peospsobylittoe of Glucose by Ie- 
OBGAETC PeOSFEATE IE PbESEECE OF PEOS- 
PEOTBIOSE. ACETALDEEYDE AED TBACES OF 

Hexosedifsosfeate. — This is the main reaction 
in wHch esterfication is effected by inorganic 
phosphate (Equation - in Meyerhofs scheme). 
It has already been discussed on p. 30, where 
it was shown (a) that the presence of a eo-phos- 
phorylase was essential, and (6) that the esteri- 
fication of the phosphate was coupled with oxido- 
reduction of phosphotriose and acetaldehyde. 

This reaction has been intensively studied 
by Needham and PiUai (Biochem. J. 1937, 31, 
1837) and bv Meverhof and his colleagues (Bio- 
chem. Z. 1937, 293, 309; 1938, 297,“ 90, 113). 
The former workers found that in an aqueous 
extract of the acetone-powder prepared from 
muscle extract the esterification of adenylic 
acid (A A) by inorganic phosphate to form 
adenylpyrophosphate (ATP ; adenosine triphos- 
phate) was coupled with the oxido-reduction of 
phosphotriose and pyruvic acid (yieldmgphosphc 1 - 
glyceric acid and lactic acid) and did not 
i proceed unless oxido-reduction occurred simul- 
■ taneously. The phosphorylation could be coupled 
with several other oxido-rednctfons : dfsmntation 
of phosphotriose, oxido-reduction of phospho- 
triose and oxaloacetic acid or of phosphoglycerol 
and pyruvic acid but not of glyceraldehyde and 
pyruvic acid or oxaloacetic acid. 

"Meyerhof, working with a restricted system of 
enzvmes based on the employment of the B 
protein from yeast (see p. 295), has found that 
in these conditions the coupled reactions are the 
esterification of adenosine-diphosphate (ADP), 
not J 4 . by inorganic phosphate, yielding ATP, 
and the union of co-zymase with hydrogen, 
derived most probably from the phosphogly" 
ceraldehyde form of phosphotriose, yielding 
phosphoglyceric acid and dihydro-co-zymase : 

(1) ADP A H 3 P 0 4 ^ ATP ; 

(2) Co-rPhosphoglyceraldehyde 

(7oH„-t- phosphoglyceric add 

or summarised : 

(3) ADP+H.P O i —Co A phosphoglyceralde- 

hyde== _4TP A <7oH„ A phosphoglyceric 

add. 
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When glucose is present a further reaction 
occurs and A DP is reformed along with hexose 
monophosphate 

(4) ATP+glucose -> A-DP+ hexosemonophos 
phate 

The reaction represented by tho summarised 
equation (6) 

(6) ADP + H s P0 4 + phosphoglyceraldehyde 
+ Co + glucose -*■ ATP+ phosphoglyeenc 
acid+ Co H s 4- hexosemonophosphat e 
proceeds in presence of B protein until prac 
tically the whole of the co zymase is reduced 
The reduction of co zymase by alcohol (or lactic 
acid) and the dehydrogenation of CoH 2 by 
acetaldehyde (or pyruvic acid) are not coupled 
with phosphorylation 

Reactions (1), (2) and (3) are reversible Direct 
experimental evidence has been obtained that 
in the presence of protein B from yeast, phos 
phoglycenc acid ana reduced co zymase react to 
form phosphotnose and co zymase and that tins 
change 19 coupled with the liberation of one P0 4 
group from ATP, yielding A DP Mixtures 
made up (10~ 5 il/) to correspond with the mole 
cular quantities in the two sides of equation (3) 
attain approximately the samo equilibrium (2/3 
of Co and 1/3 of CoH 2 ) and this is affected b\ 
excess of any of the constituents m general 
agreement with the law of mass action As the 
active mass of somo of the components (e g 
co zymase, phosphoglyceraldehyde) may differ 
very materially from the amounts added no 
very close agreement can be expected 
When the amount of Co present is diminished 
to catalytic proportions and alcohol is added 
the following reaction (0) occurs 

(6) Phosphoglyeenc acid-f alcohol + ATP 
-*■ Phosphotnose + aldehyde + A DP 
+ H s PO t 

If KCN is used as a fixative for phosphotnose 
the reaction represented by equation (3) read 
from right to left goes almost to completion, as 
does also tho reaction corresponding with equa 
tion (G) 

As regards the energy relations of the coupled 
reaction it is pointed out by Meyerhof that the 
induced (endothermic) phosphorylation of ATP 
is rendered possible by the spontaneous (exothcr 
mie) oxido reduction of phosphoglyceraldehyde 
and co zymase, whilst in the reverse reaction tho 
induced reduction of phosphoglyeenc acid and 
dehydrogenation of CoH. are rendered possiblo 
by the energy derived from the spontaneous 
hydrolysis of ATP, yielding A DP and phos 
phone acid (+11 000 g col ) 

PnosrnoRTT-ATiov by Co zymase — Much 
work has been done on this subject without a 
deGnito result having been obtained The 
earlier investigations all tended to show that 
co zymase could replace adenylic acid both m 
muscle and y cast preparations and that it play ed 
a similar part to adenylic acid in aiding the 
transference of phosphato (von Euler and 
Ganther, Z phvsiol Chem 1935, 235 101 , 
237,221, 1930 239 S3, von Fulcr and Vestin 
ilirf 1935 237, 1 , \ estin ibnf 1936 240 99 
von l a ler and Adler, Ulav Kemi, Min . Geo! 


1935, 12, B, No 12) A remarkable feature of 
these experiments was that co zymase which 
had been heated with 0 03 N NaO H, and there 
by inactivated as regards the initiation of 
alcoholic fermentation, was still able to replace 
adenylic acid and was oven more active than 
the original untreated preparation These pro 
perties were shown by very highly concentrated 
preparations of co zymase (A Co =400,000) 

More recent work, however, showed (von 
Euler el al, Arkiv Kemi Min ,Geol 1936, 12, B, 
No 24) that co zymase could be prepared (p 16c) 
in n higher state of purity than had previously 
been attained, and that in this form it was 
unable to replace adenylic acid until it had been 
treated with alkali 

This apparent inactivity of pure co zymase 
has been found (Ohlmeyer and Ochoa, Biochem 
Z 1937, 293, 338) to he due to the presence in 
the experimental mixtures of N a ions (<•/ 
Harden, Biochem J 1013, 7, 214) which inhibit 
the transference of P0 4 from phosphopynmo 
aeid to glucose by co zy mase and, to a less extent, 
by adenylic acid If Mn is added, this in 
hibitory effect is removed and the co zymase 
becomes about half as active in the transfer of 
P0 4 as is adenylic acid under the same con 
ditions, without losing more than 6% of its 
activity as a dehydrogenase Hexahydro 
co zymase (CoH # ) which is inactive as a co de 
hydrogenase, behaves as a phosphorylase in a ^ 
similar manner to the unreduced co zymase but 
is even more active, equalling adenylic acid 
The inhibiting effect of Na is also removed by 
Mg, NH 4 and K, the relative efficiencies 
(atomic) being Mn MgNH,K as 1 BO 
1,000 2 000 In the absence of glucose, the 
production of readily hydrolysahle P can be 
detected, but only about 10% of the co zymase 
appears to be phosphorylated “ Co zymase 
pyrophosphate ” has been isolated as a Ba salt 
(Meyerhof and Kiessling, Naturwiss 1936 24, 
3G1, 657), but its constitution has not yet been 
determined 

The increase in activity caused by treatment 
with alkali (which is known to remove the 
nicotinamide group of the co dehydrogenase) is 
almost certainly due to the formation of a 
phosphorylating compound, and such a com 
pound has been isolated from the products of 
tho action of alkali (Schlenk and von Euler, 
Arkiv Kemi Min Geol 1936, 12, B, No 20) , 
it is probably a compound of ndemne with 
2 molecules of ribosephosphate, but its constitu 
tion is not yet known (see von Euler, Ergebn 
Physiol 1936 38 1) In the bght of the fore 
going observations it may be taken provisionally 
that pure co zymase in the presence of a suffi 
ciency of Mn and Mg ions is ablo to act ns a 
co phosphorylase both in muscle and yeast 
preparations, but the mechanism of the re 
actions is not yet known with certainty 

In this connection great interest attaches to 
the observations of von Euler and his col 
leagues (von Euler, Adler and Steenhoff Enksen, 

Z physiol Chem. 1937, 248, 227, von Euler 
and Adler, »6i«f 1938, 252 41 , Vestin, Natur 
wiss 1937, 25, 667 , von Euler and Vestin, 
Arkiv Kemi Mm, Geol 1936, 12, B No 44, von 
Euler and Bauer, Ber 1938, 71 [B] 411) who 
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acceptor, being able to effeci 
glycerol to triose and 
(Break, l.c.) : 

2CH.(OH)CH(OH)CH.-OH 
=CH,(OH}CH,-CH,-OHt CjHjOj-f H.O. 

Bl n±ac Fzbiientaxion and Acetone Peo- 
nrcnoy. — Tee bacterial prodnetfon of butyric 
add Sore carbohydrate was shown by Pasteur 
in 1S51, and is historically interesting as famish- 
ing the material for his observations on strict 
ansrobes. The actual che mis try of bntyric 
fermentation Teas first studied by Fits (Bex. 1S76, 
9. I34S), Trho isolated an organism decom- 
posing glycerol with the production, as the main 
products, of r . -butyl alcohol and n -butyric add, 
which ire re also obtained from m anni tol, starch 
and invert sngar. The discovery of this fermen- 
tation was the first example of the production 
of a 4-carbon from a 3-carbon compound, and 
Fitr himself snggests that the production of 
the former occnrs by a condensation of two 2- 
carbon compounds in a manner analogous to 
aldol condensation. The isolation of acetalde- 
hyde in a butyric fermentation by the use of 
sulphite (Neuberg and Arinstein, Biochem. Z. 
1921, 117. 269) and the simultaneous disappear- 
ance of 4-carbon compounds supported the idea 
of the production of the latter by aldol conden- 
sation- The fermentation of pyruvic add by 
B. bulylicus, however, led to no 4-carbon pro- 
ducts, but only to acetic and formic acids 
(Neaberg and Arinstein, lx.). Nevertheless the 
occurrence of butyl products by aldol conden- 
sation continued to find support (van der Lek, 
Dissert. Delft, 1930 ; Kluyver, op. cif-). Actually 
the addition of acetaldehyde to a butyl alcohol 
acetone fermentation by Cl. butyUcurr, gave a 
60% increase in the yields of butyl alcohol, 
—hist added acetaldol was unchanged (Bem- 
hauer and Kurschner, Biochem- Z. 1935, 2S0, 
379) ; furthermore, propionaldehyde is reduced 
to propyl alcohol, giving no condensation pro- 
duct. Aldol condensation as a step in the pro- 
duction of 4-carbon compounds therefore is not 
proved. 

The production of 4-carbon compounds is 
often accompanied by acetone. Schardinger 
(Zentr. Bakt. II, 1995, 14, 772) first isolated an 
organism producing acetone with formic _and 
acetic acids and ethyl alcohol from starch. 
Other workers later used organisms producing 
acetone, ethyl and butyl alcohols, bntyric, 
acetic and formic acids, carbon dioxide and 
hvdrosen (Fembach and Stranse, 1912, B.P. 
210731 Weizmann. BJ?. 1915, 4S45; Reilly 
el cl. Biochem. J. 1920, 14, 229). The early 
stages of the fermentation are characterised by 
a high acid production followed by a fall accom- 
panied bv a rise in the production of gaseous 
products, butyl alcohol and acetone (Reilly el 
ah, ibid. 1920*. 14. 229 ; Osbum ei al., J. Biol. 
Chem. 1937, 121. 6S5). Speafcman (ibid. 1920, 
41, 319) rr-'ng GmnulobccteTpectir.omru.JT shoved 
that the addition of acetic acid to the fermen ti ng 
mash increased the production of acetone by 
45%; evidence that acetic acid is a direct 
precursor of acetone is, however, shaken by the 
fact that other acids, e.g. propionic acid and 
butyric acid in similar concentrations increase 


acetone production by 30% and 10% respec- 
tively. More recent work shows tbe effect of 
pg on the final products. In the early staees 
of the fermentation of glucose by Cl. butylicum 
butyric and acetic acids predominate, butyl and 
isopropyl alcohols and acetone occur later. If 
the pH i= maintained above 6-7 by addition at 
intervals of NaHC0 3 the formation of alcohols 
is largely suppressed and that of the acids in- 
creased; formic and lactic acids also appear. 
Pyruvic acid and methylglyoxal have been 
isolated as intermediates (Osbum el al., ibid. 
1937, 121, 6S5). The addition of certain pro- 
ducts during the course of the fermentation 
furnishes evidence of intermediate processes, 
thus butyric and acetic acids increase butyl and 
isopropyl alcohols, CH 3 -CHO gives rise to 
CjH 5 -OH and traces of acetylmethylcarbinol 
and 2 : 3-bntylene glycol ; acetone and acetoaeetic 
acid both increase isopropyl alcohol (Osbum et 
cl., Iowa State Coll. J. of Science, 193S, 12, 
275). 

A Bacterial Alcoholic F ebsientation. — 
An organism isolated from agave juice ferments 
glucose, fructose and mannose to ethyl alcohol 
and carbon dioxide in equimolecnlar proportions ; 
small amounts of lactic acid are also found 
(Klnwer and Hoppenbrouwers. Arch. Mifcro- 
biol.1931, 2, 245). 

Tee Dislocation of Febeentations. — 
It is becoming apparent that the course of fer- 
mentations and the proportions of various pro- 
ducts obtained can be influenced by adjusting 
conditions. This is implicit in some of the 
observations already recorded, but other striking 
instances may be given. Thus the fermentation 
by Bad. coll can be so altered as to become pre- 
dominantly a lactic fermentation (72-9S% lactic 
acid) ; this has been done by using hexose- 
diphosphate as substrate and adding toluene 
and glutathione. These conditions favour the 
production of methylglyoxal and the action of 
glvoxalase (for -which glutathione is the co- 
enzyxae), and lactic acid is therefore produced 
at a rate greatly exceeding that in usual con- 
ditions of fermentations (Cattaneo and Neu- 
berg, Biochem. Z. 1934, 272, 441). In the case 
1 of CL bidyricum the normal fermentation in 
argon (probably also in nitrogen) accords with 
the equation : 

C 6 H 12 0 6 =C 4 H s 0 2 -f2C°.4-2H 2 . 

The production of bntyric acid is inhibited by 
carbon monoxide, the inhibition being reversible 
bv lisW of high intensity ; it is also inhibited'by 
cyanide, 11/1,000 and Af/100 to the extent of 
60% and 100% respectively. These inhibitions 
do not, however, prevent the primary disruption 
of the hexose molecule, but only the subsequent 
reactions by which carbon dioxide, hydrogen 
and butyric acid are produced, the whole of the 
suEar now appearing as lactic acid. Thus in 
carbon monoxide alone a pure lactic fermenta- 
tion occurs, in pure argon a pure bntyric fer-’ 
mentation (as in equation above) takes place, 
while in aigon-f-5-25% carbon monoxide, mixed 
lactic and bntyric fermentations are obtained 
(Kempner, ibid. 1933, 257, 41 ; Kempner and 
Knbowitz, ibid. 1933, 265, 245; Kubowitz, 
ibid., 1934, 274, 285). 
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Fermentations Involved Partial Oxida 
tiov (the Acetic Fermentations) — The pro 
duction of vinegar from alcohol residues is an 
ancient biochemical industry, the bacterial agent 
for which was demonstrated by Pasteur in 1862- 
64 (Pasteur, Oeuvres,’ HI, Masson et Cie ) 
This oxidation is, however, only one among 
many of which acetic bacteria are capable 


Thus it was early shown that B aceti and B 
xylinum oxidise propyl alcohol and glycol to 
propionic and glycolic acids respectively, 
glucose to gluconic acid and mannitol to fructose 
(Brown, J C S 1887, 51, 638) These reactions 
exemplify the oxidation of primary alcohols and 
aldehydes to carboxylic acids and secondary 
alcohols to ketones By the classical work of 
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Bertrand (Ann. Chim. Phys. 1904, [viiij, S, 181), 
it -was shown that the sorbose bacillus (now 
known as B. xylinum) oxidises only those 

H H 

HO-H,C — C — C— 

* I i 

OH OH 


secondary alcohols with two adjacent cis-OH 
groups. 


oxidised 

> CH a (OH) — C — CH(OH) — 

to fi 

O 


H OH 

HO-H,C — C — C — not attacked 

‘ I I 

OH H 

This is made clear by Table I on the opposite page. 


Hermann 'and Nenschul divided the whole 
group of acetic bacteria into the ketogenic and 
aketogenic classes. From Table II it is dear 
that, while the oxidation of aldehydes to acids 


is brought about by most members of the group, 
the oxidation of secondary alcohols to ketones 
is more restricted (Biochem. Z. 1931, 233, 
129). 


Table II. — Oxidatioss Catalysed by Acetic Bactebia (Hekmann and Neuscbkl). 
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Certain species of acetic bacteria isolated in galactose (Takahashi and Asai, Zentr. Bakt. IT, 
Japan produce kojic acid in small yield from 1933,88,286; ibid. 1936, 93, 24 S). 
fructose and mannitol, and comenic acid from * 
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It is surmised that the synthetic povers shovn 
by the lover fungi mar be in part due to their 
capability of producing substances on a higher, 
lover or the same level of oxidation as the start- 
ing material (sugar). Bearing in mind the fact 
that moulds are at the same time rich in enzvmes 
of every type, including hydrolytic enzymes, and 
that the action of these enzymes is probably 
reversible tinder suitable conditions, it is readily 
seen that all the essentials are present for a vide 
variety of syntheses as veil as degradations. 

Metabolic Products. 

PEonrcnotr or Oegjjstc Acids. 

It is convenient to consider first the -production 
of oxalic, citric and gluconic adds since not 
only are they of considerable historical and 
industrial importance, but they also illustrate 
the oxidising capabilities of moulds, as they are 
all products 3t a higher stage of oxidation than 
the starting material (sugar). 

Oxalic Acid. — Although several observers 
had reported the presence of caldum oxalate 
crystals in cultures of various fungi, the proof 
that oxalic acid in the free state is produced by 
fungi, especially by Aspergillus r.ig-zr, solely in 
the presence of carbohydrates or chemically 
allied substances vas afforded bv Wehmer (Bot.- 
Ztg. 1S91, 49, 233 ; Ber. deut ' bot. Ges. 1S91, 
9. 163). He made a study of the conditions of 
oxalic add production, vith the result that the 
process vas definitely ranked vith other fer- 
mentations produced by micro-organisms. 

Tie acidity of the metabolism solution slovly 
rises to a maximum as the mould develops and 
begins to decline vhen all the sugar is exhausted. 
Lover temperatures than the optimum for 
grovth favour the accumulation of add. If 
caldum carbonate is added to the metabolism 
solution to combine vith the add, the accumu- 
lation of the combined add is progressive and 
the resulting caldum oxalate may amount to 
more than 100 % of the sugar originally present, 
the yield of oxalic add on sugar being about 50% 
of theorericaL Other moulds, notably Per.i- 
ciUium orclicurr. (Currie "and Thom, J. BioL 
Chem. 19 15, 22, 2S7), have been shovn to produce 
oxalic add. 

Citric Acid. — For the manufacture of citric 
add bv Mould Fermentation r. Crraic Acid 
{VoL in, pp. ISA 159). 

-Mechanism of Citric Acid Forrr.clior .. — The 
conversion of the str aigh t chain of six carbon 
atoms of a hexose to the branched chain of 
■citric add bv the agenc y of micro-organisms has 
evoked considerable interest, and a number of 
hypotheses have been advanced to account for 
the mechanism of this reaction, vithotri, hov- 
ever, reaching any finality. 

Some of these hvpotheses can be eliminated 
by a consideration of the yields attainable. Thus 
s nreliminarv breskdovn of hexose simil a r to 
that encountered in alcoholic fermentation bv 
yeast can nlav no part in the formation of citric 
add bv moulds For the theorv of Bemhauer 
(Ergebn. Enzymforsch. 1934, 3, ISo) to hold, the 
veighi ratio of citric add to carbon dioxide 
should not exceed 1-45:1 and the vdght yield 
of dtric add Son glucose should not exceed 

Vox. T. — = 


71-1%, but ratios up to 4:1 and yields np to 
90% vere actually obtained bv Wells ei til. 
(J. Amer. Chem. Soc. 1936, 58, 555). Similarly 
i Emde's hypothesis in vhich quinic acid is an 
I intermediate (Biochem. Z. 1935, 275, 373) is 
! excluded since the m aximum yield of citric 
add from sucrose vould be only 56%, and 
correspondingly less from a hexose. In viev 
of the lack of success in obtaining conclusive 
evidence as to the mechanism of the dtric add 
fermentation, in vhich the conditions have been 
extensively studied, it is not surprising that little 
attention has been devoted to the mechanism of 
formation of other monid products, vhich are at 
present of purely academic interest in most 
cases. 

cf-GIuco.oic Acid. — The production of glu- 
conic add as a fermentation product of the lover 
fungi vas first observed by MoHiard (Compt. 
rend- 1922, 174, SSI). He found that the add 
is produced in considerable yield from sucrose by 
Aspergillus r.ic-zr. It has since been isolated 
from the products of metabolism of a number of 
other spedes such as Aspergillus fuscus, cir.- 
rcr-.or.tus and oruzse, ; PenictUiizm glaucum, pur- 
purogiT.utr., chruscg-.r.urz, crustcceurr, and F urr.cgo 
ccgcr.s. In all cases it seems to be formed from 
glucose or a polysaccharide vhich yields glucose 
on hydrolysis, by a simple oxidation of the alde- 
hyde group of the sugar to a carboxyl group, 
vithout the intervention of a complicated series 
of changes such as evidently occur in the for- 
mation of dtric add. Evidence for this is the 
preparation by MfiHer (Biochem. Z. 1928, 199, 
136; 1929, 205, 111) of an oxidising enzyme 
from the press juices of Aspergilli andPer.idUia 
capable of converting glucose to gluconic add. 
This enzyme vas termed by Muller “glucose- 
oxidase.” The evidence is further supported by 
a discovery of Angeletti and Cerruti (Annali 
Culm. Appl. 1930, 20, 424) that one of the 
organisms responsible for gluconic add pro- 
duction, namely P. piirpurcger.um var. rubri - 
sclerotiurr. is able to convert mannose into d- 
marmonic add. 

As gluconic add is of some commercial im- 
portance, the possibilities of its industrial pro- 
duction bv mould fermentation have been studied 
bv Mav ei a!. (Inch Eng. Chem. 1929, 21, 119S, 
cf. Mav ei el., J. Biol. Chem. 1927, 75, 77 ; 
Herrick and May, ibid. 192S, 77, 185). They 

employed as their organism P. purpurvgenum 
vsr.~ rtzbri-sderctium. '’This vas cultivated on 
a semx-Iarge scale plant in shallov aluminium 
pans. Tans a 20 % solution of commercial 
glucose thev vere able to obtain yields of about 
570 <■ of theorericaL The add vas recovered as 
the°caldum salt, vhich is readily purified by 
reorvstaJILariou from vater. The monid P. 
izr.nisccer.izr-. vas later found to he more saris- 
ikctorv for the reaction and the process vas 
farther improved by using submerged grovths 
under increased air pressure and agitation in 
smtered-bottom vashing bottles. The most 
prn mt-i ar results vere obtained vith a selected 
^rtain oiAspergdlus v.iger. A rotary aluminium 
Tjj, r ,- a s used as the fermentation vessel and a 
re-rolatea air supply vas introduced under 
prossnre- This method represents an important 
deparrtire from the shallov pan method of culti- 
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vation hitherto employed with moulds, bringing 
the process more into line with vat fermentations, 
such as are used for yeasts and bacteria Thi3 
results in a considerable saving of plant space 
The most efficient glucose concentration for 
the reaction was found to he 16-20% and the 
acid was neutralised by adding 26 g of calcium 
carbonate per litre of culture solution Ter 
mentations could be made with germinated or 
ungerrmnated Bpores, the latter requiring a 
somewhat longer time, and the same mycelial 
growth could be used for successive fermenta 
tions Under the best conditions with 16% 
glucose solutions yields of gluconic acid in 
excess of 96%, based on the sugar present, 
were obtained in a 24 hour fermentation period 
The apparatus and conditions employed on the 
pilot plant scale, in which the drum has a 
capacity of 420 gallons, the optimum charge 
being 176 gallons, are described by Gastrock 
et al (Ind Eng Chem 19118, 30, 783) 

The acids oxalic, citric and gluconic acid are 
thus all products of the metabolism of one 
organism, Aspergillus ntger, although they can 
all be obtained, at any rate, singly from other 
moulds The predominance of one or other of 
these acids in the metabolism solution is largely a 
function of the inorganic nutrient By a cor 
rect choice of the source and amount of nitrogen 
and other essential elements in the medium tho 
metabolism can bo directed so as to obtain the 
desired product Much work has been devoted 
to a study of the conditions for obtaining tho 
best yields of each of these acids, particularly 
citnc and gluconic acid Tor an account of this 
work on the effect of nutrients the literature 
should be consulted 

Other simple organic acids produced by mould 
fermentation will now be briefly reviewed 

Fumaric Acid — The formation of fumaric 
acid by micro organisms was first observed in 
1911 by Ehrlich (Her 1011, 44, 3737), who 
isolated it from tho metabolic products of Mucor 
elolonifer when grown on glucose and fructose 
solutions Wehmer (1918) described a strain of 
Aspergillus akin to A ntger, which produced 
fumano acid from sucroso in 60-70% yield He 
named the mould A fumancus, butobserved that 
it gradually lost completely its power to produce 
fumanc acid On the other hand, considerable 
amounts of gluconic acid, with varying amounts 
of citnc and some malic acid, were produced 
(Biochem Z 1028, 197, 418) Thies (Zentr 
Bakt II, 1030, 82, 321), by adopting special 
conditions of culture, was able to obtain a 
heavy submerged growth with tho production 
of appreciable amounts of fumanc acid Taka 
haahi and Asai (Proc Imp Acad Tokyo, 1927, 
3 85) found that fumanc acid was produced 
in email amount by Itht^rpus species, and 
Gottschalk (Z phjsiol .Chem 1026, 162 13G) 
obtained it from pyruvic acid by the agency of 
It ni grteans It is also formed in small amount 
by a Femall, um species (Raistnek and Simonart, 
Biochem J 1033. 27, 628) 

Succinic Acid —Succinic acid has been 
recorded as being formed in small amount by a 
number of moulds It was obtained by >itz 
(Bcr 1873, 6, 48) from J lucor nuetdo, and by 
Emmefhng from J I racemosus Takahaahi and 
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Asai isolated it from the products of several 
species of Mucor grown on glucose in presence 
of calcium carbonate It has also been obtained 
from other genera, notably Aspergillus, Clastero 
eponum, Fumago and Pemcilhum 

Malic Acid. — Small amounts of malic acid 
have been found in. the fermentation products 
of several of the lower fungi Thus Wehmer 
(J c ) showed that it is formed from sucrose 
by Aspergillus fumartcus Birkmshaw et al 
(Phil Trans 1931, B, 220, 163) obtained it 
from a white Aspergillus, and Birkmshaw and 
Raistnek (Phil Trans 1931, B, 220, 331) from 
a Clasterosponum species when grown on glucose 
Yuill (Chem and Ind 1936, 55, 165) found that 
it was formed m fair quantity by a sub surface 
fermentation of A flavus Link, in presence of 
chalk Under these conditions succinic and 
fumanc acids are also obtained 
Since the acids succinic, fumaric and malic 
acid are closely related chemically and are inter 
convertible by means of enzymes, it seems likely 
that they all arise by the same general reaction 
from sugar, and not by deamination of amino 
acids derived from breakdown of cell proteins, 
as has been postulated for the production of 
succinic acid by yeaBt fermentation This latter 
ongin would seem to be excluded in the case of 
fumanc acid at any rate sinco it has been 
obtained in large yield, and may he regarded as 
a major product of fermentation 

Formic Acid — rormic acid is a product of 
fermentation of arabmoso by A oryite (Toko 
doro, J Agnc Chem Soc Japan, 1935, 11, 366), 
other products being citric and glycolUc acta, 
with smaller amounts of oxaho and kojic acids 
and glyceraldehyde Trom fucose, formic, gly 
collie and lactic acids are produced 
Pyruvic Acid. — This acid is obtained along 
with dimethylpyruvic acid by the growth of 
A ntger on glucose or sucrose in the presence of 
sodium sulphite (Hida, J Shanghai Sci Inst 
1935, [iv] 1, 201) The presence of ammonium 
salts in tho medium inhibits the production of 
pyruvic and increases that of dimethylpyruvic 
acid 

Itacomc Acid.— Kmoshita (Acta Phytochim 
1931, 6, 271), observed the production of itacomc 
acid together with gluconic and citric acids from 
sucrose or fructose, but not from glucoso, by 
the agency of a mould which ho named Asper 
gillus itacontcus, derived from the juice of 
pickled plums Kmoshita suggests that the 
sequence of formation of products is sugar 
-*■ gluconic acid citric acid -r aconitic acid 
-►itaconic acid Aconitic acid has been ob 
tamed from citnc acid using a strain of A mger 
which was also able to accomplish tho reverse 
transformation (Bemhauer and BSckl, Biocbem 
Z 1932, 253, 16, 25) Recently Calam et al 
have identified itacomc acid as a metabolic 
product of A terrene Thom (Biochom J 1939, 
33, 1488), but found no evidence that citric acid 
represents on intermediate stage m its formation 
Lactic Acid — Lactic acid differs from the pre 
ceding acids in that it represents a product of 
rearrangement (and fission) of the bexoso mole 
cnle, but is not an oxidation product of the sugar 
Although lactic acid has frequently been 
reported as a metabolic product of bacteria, it is 
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not of frequent occurrence amongst mould pro- 
ducts. Most of the recorded observations relate 
to the genus Ehisopus, where, however, it bps 
been, encountered in high yield. Thus Kanel 
(MlcrobioL U.S. S.R. 1934. 3. 259) obtained Som 
a species allied to E. japorJcus a 40% yield of 
lactic acid from sugar on a medium containing 
chalk . Ward el al. (J. Amer. Chem. Soc. 193d 
58, 1 2S6) obtained reproducible yields of 19- 
62% of lactic acid from glucose on a medium 
containing calcium carbonate nring R. orgzse, 
err Lizes and Iriiici. Two species of Ehizopes 
isolated by Waksman and Hutchings (J. Amer. 
Chem. Soc. 1937, 59, 545) from soil and from 
composts of decomposing organic matter pro- 
duced 60-70% of d-lactie acid on a medium con- 
taining glucose or starch, nutrient salts and cal- 
cium carbonate. Innlin was slowly* converted 
into d-laciic add. 

Alcoholic Fsh h estasioh Peobttcts. 

Ethyl Alcohol. — Alcohol is now recognised 
as a fairly common product of mould meta- 
bolism, particularly in certain genera. Thus ah 
suedes of the genus Fusarium examin ed br 
Birhmsbaw et cl. (PhiL Trans. 1931, B, 220, 93) 
produce alcohol in good yields. Anderson and 
Wiliam an (Proc. Soc. Exp. BioL Med. 1922, 20, 
103} showed that F. lies affords alcohol in yields 
comparable witb those obtainable from yeast 
fermentations, and the mechanism of its pro- 
duction is apparently similar in the two cases. 
Many spades of Jdecor give rise to an alcoholic 
fermentation and it was on this genus that the 
earliest observations of alcohol production were 
made. 

The genera Aspergillus and Pericilliun con- 
tain many spades which produce alcohoL and 
it was found by Birkmshaw el cl. (PML Trans. 
1931, B, 220, 27, 55), who examined and pre- 
pared balance sheets for 96 species of Asper- 
gillus and 75 of Per.iciUiurn , that alcohol pro- 
duction is a characteristic of certain groups of 
morphologically related spedes, whilst it is not 
formed by other groups within the genus. Thus 
all members of the A. f.acus-oryzs group 
examined were found to give rise to some 
alcohol, but none could be detected in the 
A. glances group. 

Acetaldehyde. — By interception by means 
of sulphite, acetaldehyde ha s been isolated by 
Cohen (Biochem. Z. 1920, 112. 139) and Xeuberg 
and Cohen (Biochem. Z. 1921, 122. 204) from 
the metabolic products of various moulds when 
grown on glucose. Be mha uer and Thelen 
(Hid. 1932, 253, 30) obtained up to 60% of the 
theoretical yield from sucrose by the agency of 
A. n igsr. Acetaldehyde can be isolated in small 
amounts from some moulds giving rise to 
alcoholic fermentation even in the absence of 
any interceptor. 

Ethyl Acetate. — Ethyl acetate is a meta- 
bolic product of Per.icsIUun digitclurr. Ssccardo, 
when grown on glucose solution. It may arise 
bv a modified Ca nnizzar o reaction from acetalde- 
hyde (Birkmshaw el cl. Phil. Trans. 1931, B, 
220. 355). 

Glycerol. — This well known by-product of 
yeast fermentation is probably a fairly common ‘ 
metabolic product of moulds. It is formed by 
r / 



-decor Ttzcar.osus on sucrose (Emmerling, Ber. 
1897,30, 454) and by species of Aspergillus, 
Helminth ospori u m and Clastemsporium (Birkin- 
shaw &* al. PhiL Trans. 1931, B, 220, 153, 331). 
In view of the production of large yields of 
acetaldehyde by addition of sodium" sulphite 
to the medium, it is probable that glycerol would 
be obtained in good yield by the same method, as 
is found in veast fermentations (r. this Vol. 
P- 24). 

Beductioh Products. 

Glycerol, although dealt with above, is, like 
ethyl alcohol, a reduction product of susar. 
Certain other polyhydric alcohols Illustrating 
the reducing action of moulds remain to he 
considered. 

Erythritol and Mannitol. — Erythritol was 
isolated by Oxford and Baistrick (Biochem. J. 
1935, 29, 1599) from the mycelium of Pev.icilUv.ni 
bred-cam paclum Dierckx, together with manni- 
toL when the mould was exa min ed before all 
the glucose had disappeared from the medium. 
Mannitol has frequently been recorded as a 
constituent of mycelium together with trehalose, 
but it can now be regarded as a true fermenta- 
tion product since it can he obtained in large 
yield under suitable conditions. Thus Biridn- 
shaw el al. (Phil. Trans. 1931, B, 220, 153) were 
able to obtain yields up to 50% of the sugar 
utilised from the metabolism solution of a white 
species of Aspergillus. It was obtained in the 
largest yield when the air supply of the culture 
was restricted. It is also formed by species of 
other genera and is a main metabolic product of 
Bg-socLJarr.'js fulca OIKver and Smith (Baistrick 
and Smith, Biochem. J. 1933, 27, 1S14). Coyne 
and Baistrick (ibid. 1931, 25, 1513) found that 
the white Aspergillus giving high yields of 
| mannitol was able to utilise for its production 
; the hexoses, mannose, galactose and glucose 
[ and the pentoses, arabinose and xylose. Fruc- 
tose, which yields mannitol by chemical reduc- 
tion and is utilised by certain bacteria for the 
production of mannitol is not converted into 
mannitol by the mould. 

ATI the products so far considered belong to 
the acyclic aliphatic series, and witb the excep- 
tion of citric acid, contain only straight carbon 
chains. 'Since they do not contain more than 
6 carbon atoms they might conceivably be 
derived by direct degradation of the hexose. 
Manx of the products now to be reviewed contain 
lamer molecules which must obviously be 
obtained from sugar by synthetic processes. 

Hethboctclic CoiiPOmrDS (Caebox-Oxxgex 
Brscs). 

Oxidoethy!ene-c5-dicarboxylic Acid. — 
This acid. C^H^Os, is produced in yields of 10- 
f>0% of the sugar utilised when a species of 
Jdor.ilic is grown on a synthetic glucose medium. 

It is also formed from other sugars, polyhydric 
alcohols and related compounds. Citric and 
fum 3 rfc acids are also produced (Sakaguchi e! 
cl. Proc. Imp. Acad. Tokyo, 1937, 13, 9 : J. 
^<-ric. Chem. See. Japan, 193S, 14, 362. 366 ; 
Zen tr. Bakt. II, 1939, 100. 302). 

Kojic Add. — Kojie acid. C s H t 0 4 , m.p. 1 ">2', 
was isolated from the mycelium of Aspergillus 
ervzs: bv Saito (Bot. Mag. Tokyo, 1907, 21, 249). 


33 £3 


FER 3 IENTATI 0 N, MOULD 


\abuta determined ita constitution as 5 
hydroxy 2 hydroxymethyl y pyrone It has 
been obtained from several related species of 
Aspergilla* belonging to the fiarus-oryzz group 
and also from PenteiHium Dalea s ZalesU Tbe 
presence of Lojic acid in the metabolism solution 
is readily recognised owing to the intense blood 
red colour which it gives with feme chloride 
It can be obtained m large yield under suitable 
conditions thus katagin and Kitahara claim 
yields of 63-66% from Aspergillus ory~x when 
grown on 5-20% glucose solutions at a p a of 2 1 
2 - Hydroxymethylfurane - 5 - carboxylic 
Acid — 2 Hydroxymethylfurane 5 carboxylic 
acid, C B H e 0 4 was obtamed by Sunuki (Bull 
Agnc Chem Soc Japan, 1929 5 10, J Agnc 
Chem Soc Japan, 1931, 7, 819) from the meta 
bohe products of A glaucuc grown on glucose or 
sucro«e media The acid is also formed by A 
clazulus, mger, oryzm and treat n 

The pyrone and furane products may perhaps 
bo derived from the pyranose and furanose 
sugars respectively if it is postulated that the 
mould is able first to synthesise the requisite 
hexose when the carbon is not supplied in this 
form This condition is necessary since Lope 
acid is obtainable by fermentation not only of 
hexoses but also of mannitol, xylose arabmose 
and glycerol 


HOOC Ha 


CH COOH 


O 

Oxldoethylene-ajS di carboxylic acid 
CO 

HO C< / ~ X >CH 


JJC CHjOH 

Kojic add 

Hc rf 

HOOCCll h 


'C CHjOH 


8 


Tetronic Acid Senes — An interesting 
Benes of acids was obtamed by Clutterbuck et 
al (Biochem J 1934 28 94 , 1935 29 300 871 
1300) from PeniciUium charlestt, a mould 
isolated from epoiled mane The^e acids, I-y 
mtlhyUelronic acid, C g H 4 O s mp 115°, carohe 
aetd, C,H 10 O 4 . mp 132°, earohnic acid, 
C»H IB 0 8 mp 129°, carhc aetd C w H 10 O t , 
m p 176°, and carl otic acid, C lc H,,0„ m p 
181", all contain tbe tetronic acid grouping and 
are related m structure to ascorbic acid Later 
another member was added to the 6enes namely 
tcrruinc acid. C n H 1 ,0 1 m p 89°, obtainable 
by the agency of P terrestre from glucose 
(Birkinsh&w and Itaistnck Biochem J 1936 
30, 2194) It is an ethyl carohc acid 
HO 


CH, HC 


,'CO 


y*M«thylt*troaSc add. 


HO C, | C CO CH, CH, COOH 

dCL Jc 


CH, HC' JCO 



jC CO CH, CH, CH C,H, 
ICO 


Terrestnc acid 




-C — 

c'h 


-CH COCHjCHj CH, 

Jco 


H,C O 
Carlic acid 

HO C, , C CO CH, CH, CH, 
HOOC CH, HCl^JcO 
Carlo»ic acid. 

Peniciilic Acid — Pemcillic acid, C g H lt ,0« 
jx p 83-84°, m the lactone form has a molecular 
constitution not unlike that of the above senes 
of acids It was first isolated by Alsberg and 
Black (Bull U S Bur PI Ind Lo 270) from 
PeniciUium puberal urn Banner, also an organism 
obtamed from mouldy maize It was obtained 
in fair yield from P cydopiutn by Birhinshaw 
et al (Biochem J 1936, 30, 394) and was shown 
to have the structure y keto methoxy 3 
methylene A^hexenoic acid or the correspond 
ing hydroxy lactone form 

CH,CMeC(OH)C(OMe) CH CO 

I o 

Certain hydro xylated tnbasic ahphatic acids 
which are found m the lactone form are also 
included in this group 

Spicuhsponc Acid and Related Acids — 
Spicnlisponc acid, C, 7 H M 0 4 m p 145-146°, 
is the lactone of y hydroxy £8-dicarboxypenta 
decoie acid It was isolated together with y- 
letopentadecotc acid, C„H n O„ m p 92 6,” 
from the metabolic products of P epicuUspcmin 
Lehman, by Clutterbuck et al (Phil Trans 1931, 
B, 220, 301) Birkinshaw and Ratstnck (Bio- 
chem J 1934, 28 S2S) obtained a similar acid 
miniolufric acid, C,.H, 8 0 7 , m p 171, from P 
witaio lufeum Diercvx, together with spculi 
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sporic acid. Minioluteic add has the constftn 
tion cd -dihydro xy-pv-dicarboxy-n-tetradeeoic 
acid -/-lactone. 

CiBBoanjc CoHPOursns. 

Terrein.— Terreiiu C^H^CX. m.p. 127% is a 
neutral substance of highly reducing properties, 
isolated by Raistrick and Smith (Bioehem. J. 
1935, 29, 606) from the metabolic products of 
Aeperciilus terreus Thom, grown on a glucose 
medium. It was shown by Clutterbuck et cl. 
(ibid. 1937, 31, 9S7) to hare the constitution 4- 
propenyl - 2 - hydroxy - 3:5 - oxidocycfopentan - 
1-one. 

CO 

/ \ 

HC\ CH-OH 

\ °\/ 

CH 3 -CH:CH-HC CH 

Palitantin. — Obtained by Birkinshaw and 
Raistxick (ibid. 1936, 30, Sol) from PerticiUium 
palitans, palitantin, C 14 H. 2 0 4 , m.p. 163 = , is an 
nnsaturated hydro xyaldehyde, the constitution 
of which has not been completely determined. 
It probably contains a cyclohexane ring. 

Aromatic Series. 

BeXZEXS DEErrATITXS. 

Methylsalicylic Acid, Gentisic Acid and 
Meilein. — PeniaUium griseo-fuleum Dierckx, 
according to the conditions under which it is 
grown, produces 6-hydroxy-2-methylbenzoic 
add, C s H s O~, m.p. 17(4-1 7 l c , giving an intense 
purple colour with FeC!-. or gentisic acid (2:5- 
dihydroxy benzoic acid), giving a pure blue with 
feme chloride (Anslow and Raistrick, ibid . 1931, 
25, 39 ; Raistrick and Simonart, ibid. 1933, 27, 
62S). 

- JTelldr, C 10 H 10 O-, m.p. 5S C , was obtained 
by Xishikawa (J. Agric. Chem. Soc. Japan, 1933, 
9, 772. 1059) from Aspergillus melleus Yukawa, 
and later by Yabnta and Sumiki (ibid. 1933, 9, 
1264; 1934, 10, 703) from A. cchraceus. They 
showed that it is a lactone of 6-hydroxy-2-c- 
hydroxypropylbenzoic add. On fusion with 
potash it is converted into 6-hydroxy-2-methyl- 
beazoic add. 


OH 



COOH 


OH 

Gentisic acid 


OH 

f^.COOH koh 


fusion! 


vJ CH * 

C-Hydrorv-2- 
ttcthylbenleic acid. 



od 

el ah (Bioehem. J. 1932, 26, 1441), Clutterbnck 
and Raistrick (ibid. 1933, 27, 654) and Oxford 
and Raistrick (ibid. 1932, 26, 1902 ; 1933, 27, 634) 
which may all be regarded as derivatives of 
2:4-dihydroxy benzoic add. 

The most complex of these adds, myayphenolic 
add, C 1t H 20 O 6 , m.p. 141°, was probably first 
obtained in 1S96 by Gosio, and later described 
by Alsbeig and Black (BnlL U.S. Bur. PI. Ind. 
Xo. 270) as a product of P. stoloniferum Thom. 
It yields a bine colour with ferric chloride. 
The constitution of this add and the other acids 
from P. breri-compcetum are shown below : 

OH 

/^OOOH • 


HO’ 


CH.-CO-CH., 

CioHidOs- 


OH 


HO, 


'jCOOH 

JCH (OH)-CO-CH 3 

ClO^lO^S- 


HO 


OH 

0 COOH 

C(OH);,-CO-CHj 

OH CO 

HOOC/ Y v '0 

^|c 5 h 1s 
ch 3 w j 

Mycophenolic acid, C 1; H. 0 O 5 . 

OH 

/^COOH 


ch 3 o ( 



HO 


COOH 


3:5-DiliydroxypbthaIic acid, CjH.Oj. 

Citromycetin. — Citromycetin, 
CmH, 0 O-,2HjO, 

was obtained bv Hetherington and Raistrick 
(PhiL Trans. Roy. Soc. 1931, B, 220, 209) from 
various str ains of Cilromyccs on a modified 
Czapek-Dox glucose medium. It crystallises 
in lemon-yellow needles darkening at 26a , 
m.p. 2S3-2S5' decomp., and affords an olive- 
tneen colour with feme chloride. The constitu- 
tion has not been completely determined but 
it may be represented as 





Fulvic Acid. — Folvicacid Is a yellow crystal- 
Products of PeneiUiun : bren-cor.wdun.— j line phenolie acid, C,,H l:: O f . m.p. 246^i plated 
This organism has furnished a series .ofjby Oxford d af. (Bioehem. J. 29. U0-) 

related compounds in the hands of Clutterbuck i from the mc,a : p, ». 
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gnseofuhum Dierckx when grown on glucose 
solutions with ammonium salts as source of 
nitrogen It gives a deep green colour with 
aqueous feme chlonde It is obtained in larger 
yield from P jlexuosum Dale, and P brtfeldianum 
Dodge, and is found mostly m the mycelium of 
the latter organism 

Quinones and Qoinovoid Compounds 
Benzoqulnone Series — Several compounds 
of this type have been isolated from the meta 
bolic products of moulds Birkinshaw and 
RaiatncL (Plnl Trans Roy Soc , 1931, B, 
220, 245) obtnmed from strains of FeniciRium 
spinulosttm a methoxydihj droxytoluquuione, 
C s H g O s forming purple black crystals, m p 
201° Ibis was later given the name spinu/osin, 
and shown by Anslow and Raistnck (Biochem 
J 1038, 32, 687, 803) to have the constitution 
3 G dihydroxy 4 methoxy 2 5 toluqumone A 
new product, fumigatin, C % H t O t obtained by 
these authors from Aspergillu* fumtgalus, cry 
stalhses in maroon coloured needles, m p 116° 
The constitution of fumigatin proved to be 3 
hj droxy 4 methoxy 2 5 toluqumone It thus 
differs from spinulosm m lacking one O H group 
present in that substance, the orientation of 
the other groups being the same in the two 
compounds Fumigatin may be readily con 
verted into spinulosm in ti/ro by means of the 
Thiele Winter reaction A colourless tetra 
acetate is obtained which when hydrolysed, 
gives the corresponding tetrahydroxymethoxy 
toluene On oxidation tho tetrahjdroxy com 
pound affords spinulosm 

Dihydrofumtgalin, C,H I() 0 4 m p 99-101°, 
the quinol corresponding with fumigatin and 
obtainable from it by chemical reduction, was 
also isolated from the metabolism solution of 
A fumtgalus 

Phcenlcln — rhcemcin, C 14 H, 0 O 4 rap 230- 
231°, yellowish brown crystals, was isolated by 
Fncdhcim (Compt rend Soc Biol 1933 112, 
1030) from Pentei/hum phcrnieeum grown on 
beer wort On investigation by Postemak 
(Ilelv Chun Acta 193S. 21, 1326) it was found 
to have the constitution 4 4 dimethyl 2 2 
dihvdroxydiqumone Phcrmcm 19 thus closely 
related to fumigatin since it may be regarded as a 
product of union of 2 mol of the latter with 
elimination of the methoxy groups 


V 

o 

5 rlncloeln 

O 


OH 

OCH,, 


HjCi 


OH 

OCH, 


Friedheim has shown that pheemem acts as a 
catalyst of biological oxidation, and it is but 
jnised that all these qmnones mav form oxido 
reduction systems and thus be of considerable 
Importance in mould metabolism It is sigm 
cant m this connection that both fumigatin and 
its corresponding quinol have been isolated 
from the same metabolism solution In the case 
of Aspergillus glaucus, two of the pigments 
j olated appear to have the qumol structure 
Aspergillus Glaucus Pigments — Gouldand 
Raistnck (Biochem J 1934, 28 1640) isolated 
from the mycelium of species of the A glaucus 
genes three crystalline pigments flaioglaucin, 
Ci*H, s O, m p 105°, auroglavc in, C 1( H.,0,, 
p> p 152°, and nibroglaucm More than 40% 
yields of crude pigments may be obtained from 
the dried mycelium Auroglaucm is constituted 
similarlj to flavoglaucm but contains three 
additional double bonds , the same substance, 
C W H may be obtained from both pigments 
They are probably derivatives of quinol and 
according to Cruickshank el a/ (JCS 1938, 
2036) have the constitution 

OH 


R— [CH,1, CH,— flavoglaucm 
R-[CH CH], CH, — auroglaueln 

Rubroglauein has now been shown to be a 
mixture of physnon and a new prod net, erylhro 
glauein, which is 1 4 5 7 tetrahydroxy 2 methyl 
anthraquinone, i e the 7 methyl ether of 
catenarm 

Chrysogenm — Chrysogemn is a yellow pig 
ment associated with a protein found m the 
metabolism solution of P chrysogenum Thom, 
when grown on glucose medium (Clutterbuck 
tl al Biochem J, 1932 26 1907) It is micro 
crystalline, has a high rotation [a] sm -7G2 0 , and 
gives an olive brown colour with aqueous ferric 
chlonde It probably contains a qumol nucleus 

Citrinln — Citnnin, CjjHnO, mp 166- 
170° (decomp ), is a golden j ellow crystalline 
colounng matter obtained from P citnnum 
Thom, on a modified Czapek Dox glucose 
medium It was isolated bj Hethenngton and 
Baistnck (Phil Trans Rov Soc 1931, B, 220 
269) From a 6tudy of its breakdown products 
Coyne, Raiatnck and Robinson (i&irf 1931, B, 
220 297) assigned to it the qumonoid constitu 
tion 


tV h °(V 


C,H S 

"V'Vqh 


| VcOOH 

CH, HC O 

Anthraquinone Pigments — Thegenns Utl 
I .. itnthosponum has afforded an interesting range 
|ot pigments belonging to this group // 
gramtneum Rabenhorst, when grown on a 
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glucose medium, produces considerable amounts 
of crystalline hydro xyantiira quin ones which are 
found in the mycelium and may compose up to 
30% of its weight. The pigments consist of 
hdm inlhosporin. C ls H 10 O 5 . and caitnarin , 
^is h io° 6* 111 ^ ra ri° °f 2-3:1 (Charles el al. 
Biochem. J. 1933, 27, 499). H. cynodortis 
Marignoni,and H. eucklacnae Z imm erniann, afiord 
another hydro xyanthraquinone, cynodontin, 
C ls H 10 O 6 . A fourth member of this group, 
trilisporin. C ls H 10 O 7 . is produced by H. 
iritici-rtdyaris Nisikado. All the species of Hel- 
minlhosporivm which have been found to yield 
hydro xyanthraquinone pigments in appreciable 
amount are comprised in the sub-genus Cylindo- 
Hdminthasporium , whereas the members of the 
sub-genus Eu-Hdminlhosporium are lacking in 
these colouring matters. 

The constitutions assigned to these pigments 
are as follows (Eaistrick el al. ibid. 1933, 27, 
1170; 1934, 28, 559; 1940, 34, 1124; J.C.S. 
1933, 4SS) : 



Helminthosporin. 



Xritisporin. 


In tritlsporin the position of the CH.-OH 
group is uncertain but it must occupy one of 
the two positions indicated. 

The formation of hydro xyant bra Quinones is 
not to be regarded as a monopoly of the genus 
Hdmivilbosporium. Various species of AsperciUi 
and Penicillia have recently been shown to pro- 
duce these pigments. As already stated, erythro- 
glaucin from A. glaucus is the 7-methyl ether of 
catenarin; it is associated in the mycelium 
with physcion or emodin monomethyl ether 
(4:5 - dihydroxy - 7 - methoxy - 2 - methylahthra- 
quinone) and its 9- and IQ-anthranols (Ashley 
el al., Biochem. J. 1939, 33, 1291). Two de- 
rivatives of /rungu/o-emodin (4:5:7-trfhydroxy- 
2-methylanthraquinone) were obtained by Ans- 
low ef al. (ibid. 1940, 34, 159) as metabolic 
products of a strain "of P. cyclop turn TTestling. 


These were identified as to-hydroxyemodin 
(R=CH ; -OH) and emodic acid (R=COOH). 



The pigment obtained by Postemak (Compt. 
rend. soc. phys. hist. nat. Geneve, 1939, 56, 
2S) from P. ciireo-roseum was found by direct 
comparison to be ei-hydroxyemodin. 

From P. ca rm ino-violace u m Biourge grown on 
a glycerol-salts medium Hind (Biochem. J. 
1940, 34, 67) obtained two new hydroxyanthra- 
quinones, carviolin, 0 16 H 12 O 6 . and carviolacin, 
C ; oHi 6 O t , which are derivatives of 2-methyl- 
anthraquinone. Carviolin, chrome-yellow cry- 
stals, m.p. 2S6 C , has been shown (ibid. 1940, 34, 
577) to be a monomethyl ether of cu-hydroxy- 
emodin. Carviolacin, light brown needles, m.p. 
243 = (decomp.) is also a monomethyl ether and 
yields 2-methylanthracene on zinc dust distil- 
lation. 

Igarasi (J. Agric. Chem. Soc. Japan, 1939, 15, 
225) believes the colouring matter funiculosin, 
C 15 H 30 O s . obtained from P. funiculosum cul- 
tures, to be a trihydroxymethyl- or a (hydroxy- 
methyl)-dihydroxy-anthraquinone although he 
obtains anthracene not methylanthracene on 
zinc dust distillation. 

Penicilliopsin. — This colouring matter, ob- 
tained from cultures of Pcnicilliopsis davariae- 
form is grown in the dark was characterised by 
Oxford and Eaistrick (Biochem. J. 1940, 34, 
790). Penidlh'crpsin, C 30 H. 4 O s . orange prisms, 
m.p. 330' (decomp.), is oxidised in air in suitable, 
solvents to oxypen icilliopsir., C 30 H 20 O s . purple- 
black crystalline aggregates, m.p. above 360% 
solutions of which on exposure to light are con- 
verted into an isomeric irradiation product 
consisting of chocolate-brown needles of m.p. 
above 370', which give intensely fluorescent solu- 
tions. The colouring matter from naturally 
occurring specimens oiP. da variaef orm is, which 
was formerly known as mycoporphyrin, was no 
doubt a mixture of penicilliopsin and its con- 
version products. Irradiated oxypenicilkopsin 
is closely related to, but not identical with, 
hvpericin, the colouring matter of St. John s 
wort, Hypericum j perforatum , which causes a 
condition of fight sensitiveness in animals. 

Since penicilliopsin gives frangula-einodia- 
anthranol on heating alone and tetranitroemodin 
on oxidation with nitnc acid it may be a poly- 
hvdroxy derivative of a reduced mesodimethyldi- 
an throne. 

Ravenelin. — The mycelia of flelmir.tr, o- 
sporivm raver dii Curtis, and H. iureicum Passe- 
xini. grown on a glucose medium, contain a cry- 
stalline trihydroxyxanthone pigment, ravenelin. 
C, .H ln O-, having the constitution shown below 
(Eaistrick el al. Biochem. J. 1936, 30, 1303) .* 



Haven din. 
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Sulochrin. — Xishikswa (Acta Phytochim. 
1939, 11, 167) extracted from the myce]itim of 
Odspora sul ph urea-cch racea vanBeyma a munber 
of crystalline prodncfs labelled A to G which 
are, with one exception, of unknown con- 
stitution. The exception is product B, 
Ci T H 16 0 7 , yellow needles, m.p. 262°, which has 
been named sulochrin and to which the following 
constitution has been given : 



It is evidently closely related to the chlorine- 
containing compounds geodin and erdin (see 
p. 5S). 

Steeols. 

A number of references are found in the litera- 
ture to the isolation of sterols from the mycelium 
of the lower fungi, but owing to the difficulties 
of separation many of the products obtained 
were probably mixtures. 

Ergosterol. — Ergosterol has, however, been 
separated and characterised by methods which 
put its identity beyond doubt. The yields 
obtained are variable, depending on the organism 
and the method of cultivation. Heiduschka 
and Lindner (Z. physioL Chem. 1929, 181, 15) 
determined the ergosterol content- of Demaiium 
puHlulans, Penicillium glaucum and Aspergillus 
orjps. : as 0-30, 0-75 and 0-46% respectively of 
the dry matter. Sumi (Bioehem. Z. 192S, 195, 
161 ; 1929, 204, 412) isolated 0-0S% of crude 
ergosterol from the spores of A. oryzse, and 
Takata (J. Soc. Chem. Ind. Japan, 1929, 32. 
157 [B]; Suppl. 26S) obtained a yield of 
0-02S% from the mycelium of the dried 
organism. 

The sterol formed by P. puberulum Bainier, 
when grown on a Czapek-Dox medium contain- 
ing glucose as sole source of carbon, was isolated 
and characterised by Birkinshaw ei al. (Bioehem. 
J. 1931, 25, 1977). Final proof of its identity 
with ergosterol was afforded by its absorption 
spectrum and its antirachitic activity acquired 
after irradiation. This affords direct evidence 
of the synthesis of ergosterol from glucose. 

Ergosterol is found in mould mycelium not 
only in the free state but also as esters. Oxford 
and Baistrick (ibid. 1933, 27, 1176) isolated 
crystalline ergosteryl palmitate from the my- 
celium of 14 out of 15 strains of P- treri- 
eompaelum Dierckx, and from the mycelium 
of P. ilalicurr. Wehmer. P. aurantio-griseum 
Dierckx var. parnaniensis Zaleski, was found to 
contain as much as 0-5% of the ester. 

Fats axd Limes. 

Fats and oils are of general occurrence .in 
mould mycelium and can be obtained by extrac- 
tion of the dried material with light petroleum 
or ether. The quantity of fat can be greatly 
increased by adopting special conditions of 
culture, and seems to be favoured by a high 
sugar content of the medium. Thus Ward e! 
al. (Ind. Eng. Chem. 1935,27, 31S), following on 


earlier work of Lockwood el al. (Z. Bakt. II, 
1934, 90, 411) found that when P.javanicum was 
grown on a medium containing 40% of glucose 
the mycelium contained up to 41-5% of fat. 

The composition of the fat has been quantita- 
tively examined in some cases. Ward and 
Jamieson (J. Amer. Chem. Soc. 1934, 56, 973) 
report that the saturated acids obtained by 
hydrolysis of the oil amounted-to 30-S% of the 
total weight. They consisted of palmitic 69-5%, 
stearic 2S% and n-tetracosoic acid 2-5%. The 
unsaturated acids (60-S% of the total oil) con- 
sisted of oleic 52-1%, and a- and fi-linoleic acid 
47-9%. _ _ 

The lipins of A. sydoiri were examined by 
Strong and Peterson (ibid. 1934, 56, 952). They 
obtained 22% of free fatty acids and a phos- 
pholipin which was separated as a complex with 
magnesium chloride. The fatty acids (free and 
combined) consisted of palmitic S-S%, stearic 
11%, n-tetracosoic 0-9%, oleic 29-6%, linoleic 
16-3% and higher unsaturated adds 1-7%. 
The water-soluble fraction obtained after saponi- 
fication of the fats consisted largely of glycerol. 
Woolley el al. (ibid. 1935, 57, 25S9) have 
examined the phospholipin fraction of A. 
sydotri. The phospholipins (0-4-0-7 by weight 
of the mycelium) consist of a mixture of lecithin 
and kephalin. On acid hydrolysis they yield 
glyccrophosphoric acid, choline, cholamine and 
oleic acid as chief products. 

The fat from A. niger mycelium obtained from 
a technical citric acid fermentation on molasses 
medium had the following composition (Bem- 
hauer and Posselt, Bioehem. Z. 1937, 294, 215) ; 
glycerol 6-2%, total fatty acids 67-5%, saturated 
fatty acids 13-0% (palmitic 7-1, stearic 0-9, 
b'gnoceiic 1-S), unsaturated fatty acids 45-4% 
(oleic 21-5, a-linoleic 23-9) unsaponifiable 12-0% 
(ergosterol 1-4, other constituents 10-6). 

P OLYS ACCHAETDES . 

A number of complex polysaccharides derived 
from moulds have been recorded and the pro- 
ducts of hydrolysis examined. These cover 
most of the simpler natural sugars and it is 
noteworthy that the monosaccharides which are 
employed in building up the complex molecule 
appear to bear no relation to the sugar used as 
substrate for the mould. 

“ Spore starch ” or “ mould starch,’’ which 
gives a blue colour with iodine, has been obtained 
from various species of Aspergillus and Pcni- 
cillium. Whether the products from these 
different organisms are identical seems open to 
doubt. Schmidt (Bioehem. Z. 1925, 158. 223) 
concluded that mould starch is identical with 
amvlose and therefore with frolichenin. The 
production of the material by A. niger is favoured 
bv a strongly acid medium and its accumulation 
mav be due to inhibition of the diastase present 
in the mould by the acid (Hida. J. Shanghai Sci. 
Inst. 1934. [iyj. 1, So). 

From the mycelium of P. puberulum, ALsberg 
and Black (Bull. U.S. Bur. PI. Ind. Xo. 270) 
obtained a substance giving a violet colour with 
iodine and supposed by them to be identical 
with trehalum from manna. Dox and Xeidig 
(J. Biol. Chem. 1914, IS. 167; 19. 235) isolated 
from P. expansum mycodertran and from 



FERMENTATION, MOULD. 


A niger mycogalaetan, giving respectively 
glucose and galactose on hydrolysis Neither 
polysaccharide gave a colour with iodine 
Birkmshaw et a! (Phil Trans Roy Soe 1931, 
B, 220, 153, 331, 355) obtained from a white 
Aspergillus a polysaccharide resembling gly 
cogen Fumago lagans and Pentcillium digita 
turn gave polysaccharides affording glucose on 
hydrolysis and giving no colour with iodine 
In certain cases the constitution of the poly- 
saccharide molecule has been determined P . 
charlesn 0 Smith, when grown on a glucose 
medium, yields two polysaccharides manno 
carolose, consisting only of mannose residues, 
and galactocarolose, consisting only of galactose 
residues (Cluttcrbuck et al Biochem J 1934, 28, 
94) Mannocarolose has a chain length of 8-9 
units of d mannopyranose baked through the 
1 C positions, a unique structure for a poly- 
mannose (Haworth et at Biochem J 1935, 29, 
612) Galactocarolose is composed of a chain 
of about nine (} galactofuranose units linked 
through the 1 6 positions (Haworth et al tbid 
1937, 31, 640) Vananose, a polysaccharide 
obtained from P variant G Smith, is con 
stituted of a chain of 6-8 P galactopyranoso 
units with a glucopyranoso unit as one end of 
the chain and a unit of either d ldose or l altrose 
at the reducing end (Haworth et al t Ini 1935, 
29, 2CC8) 

JaiIpic acid was obtained by Raistnck and 
Rintoul (Plul Trans Roy Soc 1931, B, 220, 
255) as a mctabolio product of a non ascosporic 
form of P luteum Zukal, grown on a Czapek Dox 
glucoso medium The acid has a high molecular 
weight and on acid hydrolysis affords glucose 
and malomc acid With dilute barium 
hydroxide tho malomc acid is removed and a 
neutral polysaccharide luleose is obtained giving 
only glucoso on hydrolysis Luteio acid is 
obtainable not only from glucoso but also from 
fructose, mannose, galactose, xylose, arabmose 
and glycerol (Birkmshaw and Raistnck, Bio 
chcm J 1033, 27, 370) A poly mannose and a 
pol} galactose aro also synthesised by the mould 
in smaller amounts, the former being produced 
in the early stages and tho latter in tho later 
stages of growth (Anderson and Raistnck, ibid 
1036 80, 1G) 

Compounds Containing Elements other 
than Carbon, Htdrooev and Oxyoen 
Arsenic Compounds — Vanous cases of 
arsenical poisoning have been found to be 
cawed by the action of mould growth on damp 
wall papers containing arsenic (t Arsenioals, 
Organic, Vol I, p 483 ) 

Chlorine Compounds — A strain of A ter 
reus Thom, w hen grown on Czapek Dox solution I 
containing KC1 as the sole source of chlonne, 
gives nre to two yellow crystalline metabolic 
products, gcodm, C^HjjOjCU mp 235° 
(decomp ), lo]jm+ 179° in chloroform and errfin, 
Ci»H, # 0,CI, mp 211“ (decomp), optically 
inactive (Raistnck and Smith, ituf 1036, 80, 
1315) These two compounds are closely related 
in structure, geodin being tho dextro rotatory 
fsomende of a monomethyl ether of the optically 
Inactive erdin (Clutterbuck et al tbid 1037. 81, 
1099) 


The constitution of dihydrogeodin tnmethyl 
ether has been shown to be methyl 3' 5' dickloro 
4Q2'C'-tetrametkoxy~4' methylbenzophenone 2- 
carboxylale and of dihydroerdin trimothyl ether 
to bo 3' 5' dickloro 4 6 2' 6' tetramethoxy 4' 
methylbenzophenone 2 carboxylic acid (Calam et 
al , ibid 1039,33,579) 

Another chlonne • containing compound, 
namely gnseofulvtn, C, 7 H 17 O e CI, tn p 218- 
219°, was isolated by Oxford et al , ibid 1939, 33, 
240) from the mycelium of Pentcillium griseo 
fulvurn Dierckx, grown on a modified Czapek 
Dox medium A provisional structural formula 
was advanced s 

OCH s ch 
C^ '''CO 


ol/o. 


CHCH S 
COOCHj 

In view of tbeso discovenes a quantitative 
survey was made by Clutterbuck el al (ibid 
1940, 84, GG4) of the chlorine metabolism of 139 
species or strains of moulds grown on Czapek- 
Dox 6% glucoso medium containing 0 06% 
of KC1 ns sole source of chlorine Of the species 
or strains examined 67 utilised less than 5% 
of the KC1 , 77 utilised 5-25% of the KCI (this 
group includes P grteeofulvum) , only 6 cultures 
metabohsed more than 26% of KCI Two of 
these were strains of A ternus Thom one of 
which produces geodm and erdm, another was 
Absidia spirt osa Lindner, and the remaining two 
were strains of Caldanomyces fumago Woronchin 
From the last named fungus a new product, 
caldanomycin, was obtained by ether extraction 
of tho metabolism solution Caldanomycin, 
Cf HgOjClj, mp 121°, probably has the con 
stitution 2 2 dichloroeyeiopentane I 3 diol, and 
is thus akin to terrem which also contains tho 
eyelopentanone ring 

It is noteworthy that O fumago also converts 
KBr, when present in the same medium m place 
of KCI, into organic bromine containing meta 
bohe products which have not yet been isolated 
in a state of purity 

Nitrogen Compounds —Oxford et al (t bid 
1935, 29, 1102) obtained from the mycelium of 
P griseo fulvum Dierckx, a colourless crystalline 
nitrogenous substance, CjjHjgOjN, which 
is an acid and yields a hydrocarbon on 
hydrolysis Another crystalhno nitrogenous 
product, C. 0 H„O # N, was isolated from tho 
mycelium of P brefeldianum Dodge Woolley 
and Peterson (J Biol Chcm 1938, 122, 213) 
recorded the Isolation from tho dned mycelium 
of A sydoici of cyclic choline sulphate in 0 20% 
yield This was obtained both from autolysate 
and from an acetone extract of tho defatted 
mycelium 

Proteins are elaborated by the lower fungi as 
necessary constituents of tho cell, but they are 
sometimes excreted into tho metabolism solu 
tion The protein found In tho metabolism 
solution of P chrysogenum, in association with 
the pigment, closely resembles a typical alkali 
soluble leaf protein (Clutterbuck et al Biochem. 
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J. 1932, 26, 1907). Gordca el al. (ibid. 1934, 28, 
504), by fractionation of tie nitrogenous pro- 
ducts of the mycelium of A. fischeri, obtained 
30% of water-soluble non-protein nitrogen, 
55% of alkali-soluble protein nitrogen and 12% 
of alkali-insoluble residual nitrogen. Tie alkali- 
soluble protein contained one fraction precipi- 
tated by acids and a second acid-soluble fraction 
precipitated by copper sulphate solution. The 
residue contained 2-3% of nitrogen, of which 
62% was glucosamine nitrogen. Glucosamine 
was also identified in the hydrolysis products of 
P.jacanicum bv May and Ward (J. Amer. Chem. 
Soc. 1934, 56, 1597). 

The constituent amino acids of the mould 
proteins have not been fully investigated, al- 
though feeding experiments on rats have shown 
that the proteins of A. sydoici are insufficient 
for maintaining growth unless supplemented by 
proteins from other sources (Gorcica el al. J. 
Nutrition, 1935, 9, 701). 

Ejvrazs. 

Moulds contain a rich variety of enzymes, some 
of which have industrial applications. 

Gallic Acid Fermentation — Gallic acid is 
prepared from the glucoside tannin by the action 
of the hydrolytic enzyme tannaee which is pro- 
duced by the growth of A. niger on solutions 
containing tannin and suitable nutrients. The 
enzyme can then be separated and used to 
hydrolyse solutions of pure tannin to gallic acid. 

In the old industrial process ground gall-nuts, 
which contain a high percentage of tannin, were 
moistened, piled in heaps, and maintained at 
about 30 s . The heaps were stirred at intervals. 
Moulds developed throughout the mass and after 
about a month the gallic add was leached out. 
The process has been much improved and clear 
tannin extract is now used. The sterile extract 
is inoculated with a species of Aspergillus, and 
the solution is agitated by blowing air through 
it. When the tannin has entirely disappeared 
the gallic add is recovered from the liquor. 

Oriental Food Fermentations. — The sake 
fermentation, shoyn making and numerous other 
fermentations practised in the Orient make use 
of species of Aspergill i as well as mu core, yeasts 
and bacteria in their empirical production of 
foods and liquors. These fermentations usually 
make use of a starter (koji) which consists of 
masses of rice, soya beans, or other material from 
previous successful fermentations for use in the 
production of successive fermenting mashes, or 
for commerdal distribution. 

The sake fermentation utilises the diastatic 
activity of A. oryzs. for the saccharification of 
the starch of rice for fermentation purposes. 
The alcohol production is said to be due to the 
yeasts present. Certain selected stra in s of the 
organism with high diastatic power are pro- 
pasated and sold under the name of “ Tane- 
l-oji” or “ Sate-lojL” 

In the sop fermentation the proteolytic activity 
of the moulds [flams-oryzse group) is the impor- 
tant factor. The soya bean contains a high per- 
centage of protein which is hydrolysed by the 
agency of the strains selected for their protease 
activity although carbohydrate fission is not 
entirely suppressed. For soy sauce the koji is 


immersed in a brine of high sodium chloride 
content, and the digestion proceeds slowly. 
Yeasts are also believed to play some part in the 
process. The finished product is a dark salty 
liquid which is used as a component of table 
sauces in Europe and America. 

“ Tamari” is another sauce which owes its 
individual flavour to the use of a specific mould, 
A. tamarii. 

“ il iso ” is prepared by mixing cooked soya 
beans with an Aspergillus koji, adding salt and 
ripening the mixture. 

Fish Fermentation. — A series of fermented 
products are prepared by the Japanese from 
fish; in some of these moulds are the active 
agents in producing the flavour and qualities 
desired. The product Kafsuobushi is obtained 
by cutting the fish (of the tuna group) into strips, 
cooking, packing in masses and fermenting. The 
material is then dried for commercial distri- 
bution. Aspergilli belonging to the flams- 
ory zse group, the ochraceus group and the glaucns 
group have at different times been claimed as 
the active agents of this fermentation. 

Taka-diastase. — Takamine and his associ- 
ates have studied the enzymic activities of the 
A. flams -oryzre group and have patented the 
preparation of a number of products such as 
taka-diastase, and enzymic mixtures such as 
“ polyzime.” The production of these materials 
is based on the use of a cheap, bulky, fibrous, 
nutrient base which is sterilised, moistened, 
inoculated with spores of the selected organism 
and incubated at the desired temperature. 
Growth is interrupted at the time of maximum 
enzymic activity and the commercial product is 
obtained by drying the mass or by extraction 
of the enzymes and subsequent purification. 
The product is naturally a mixture of enzymes, 
not a single active principle. Such crude enzyme 
mixtures are used in the desizing of textiles. 

Cheese Ripening. — The enzymes of moulds 
play a large part in the ripening of certain 
varieties of cheese. The Camembert-Brie group 
of cheeses obtain their texture from the pro- 
teolytic activity ofP. camemherti Thom. In the 
ripening process which is conducted at 50-60° F. 
the surface of the cheese becomes covered with a 
fioceose white mantle of mould. In about 10 
days the mould becomes bluish- or greenish-gray 
from developing conidia and the curd in contact 
with the mycelium begins to soften to a smooth 
buttery texture. The reaction changes from 
acid to alkaline to litmus as the softening pro- 
gresses inward. In about 4 weeks the entire 
mass is softened. The change is associated with 
a proteolytic enzyme similar to erepsin which 
produces ab undan t caseoses but no putrefactive 
products. P. caseicolum produces a cheese of 
somewhat different texture. According to Maze, 
however, the peptonisation is not due to the 
enzvmes of moulds, whose function is rather to 
destroy the lactic acid present and thus make the 
reaction of the medium favourable for the 
casease of the lactic enzymes everywhere 
present. 

Tn the group of green cheeses such as Roque- 
fort, Gorgonzola and Stilton the active organism 
is P. roqueforti . The cheese is here more open 
in texture and the mould develops throughout 
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the mass giving it the characteristic green 
marbled appearance The Roquefort mould can 
withstand a lower oxygen tension than any 
other species examined by Thom and Currie 
(J Biol Chem 1913, 15, 249) and hence is able 
to dominate the flora of the crevices within the 
cheese Currie showed that the characteristic 
flavour of this group of cheeses is due to the 
splitting of the butter fat by the mould to pro 
duce a mixture of fatty acids different from that 
produced by bacterial activity 

J H B 

FERNANDINITE A hydrated calcium 
\anadjl vanadate, CaO V 2 0 4 5V 2 0 6 14H 2 0, 
forming compact masses of a dull green colour 
or minutely crystallised as rectangular plates 
It dissolves readily in acids to a green solution, 
and sufficiently in cold water to give a yellow 
solution It occurs as an alteration product 
of patrontte at Minasragra in Peru 

L J S 

FERONIA GUM Wood apple gum ob 
tamed from Feroma elephantum Correa (Fam 
Rutaceae) 

FERRITE This term has unfortunately 
several different meanings To the chemist it 
implies a salt in which ferric oxide plays the 
part of an acid, for example, barium ferrite 
BaFe.0 4 In a mineralogical sense it was first 
applied by H Vogelsang, m 1872, to an amor 
phous iron hydroxide, of unknown composition, 
which, as red and yellow particles, is present m 
many partly decomposed igneous rocks In 
this sense the term has been used by certain 
pctrologists for the patches of indefinite ferru 
ginous alteration products seen under the 
microscope in thin sections of rocks The same 
name has also been applied to ferruginous 
pseudomorphs after olivine occurring in the 
dolentic rocks of the neighbourhood of Glas 
gow (M T Heddle, Min Mag 1882, 1887) 
It has also been much used by metallographers, 
following II M Howe (The Metallurgy of 
Steel, 1890), for pure metallic iron, which, to 
gether with iron carbide, etc , forms one of 
the microscopic constituents of iron and steel 
Later, the same name was applied by V I 
Vcmadskj, in his Russian “Treatise on 
Minernlogj ,’ (St Petersburg, 1908), to native 
iron, for example, the terrestrial iron from Ovifak 
on Duho Island, Greenland 

L J S 

FERR1TUNGST1TE. Mineral form of 
hjdrated feme tungstate, Fe 3 0 s W0 3 6H,0 
(Schaller, Aroer J Sci 1911, [iv], 32, 161) 
FERROAXINITE (Vol I, BOO d) 
FERROBRUCITE (Vol II. 1195) 

“ FERROCHLORE M (Vol IV, 21d) 
FERROCHROME (Vol III, 105d) 
FERROTUNGSTEN. An alloy of iron 
with tungsten usually containing 80-85% of the 
latter 

FERRUCC1TE. Sodium fluoborate, 
NaBF 4 , 

occurring as minute orthorhombic crystals, 
together with anqednte KBF 4 . malladnU 
Na.SlFj, KuraitU K 2 SIF 4 . and eassohte 
HjBOj, m saline encrustations from fumarolea 


in the crater of Vesuvius Named after Ferruccio 
Zambonim (1880-1932) of Naples (G Carobbi, 
Penodico Min 1933, 4, 410) 

L J S 

FERSMANITE. Titano silicate and fluo 
ride of calcium and sodium, 

2Na 2 (0,F 2 ) 4CaO 4TiO a 3Si0 2 , 
occurring as monochnic crystals, previously mis 
taken for sphene, in nephehne syenite from the 
Kola peninsula, northern Russia (A N Labun 
tzov, Compt rend Acad Sci URSS 1929,297) 

L J S 

FERUL1C ACID, C I0 H 10 O 4 . m Methoxy 
p hydroxy cinnamic acid, 

MeO C B H 3 (OH)CH CH C0 2 H, 
occurs in asafcetida resin (Hlasiwetz and 
Barth, Annalen, 1866, 138, 64), m opopanax 
(Tschirch and Knitl, Arch Pharm 1899, 237, 
256) , in the resin of the black fir (Bamberger, 
Monatsh 1891, 12, 441) , and in various other 
resins (Karrer and Schwarz, Chem. Zentr 1932, 
II, 1C39) The alcoholic extract of asafoetida 
resm is precipitated with lead acetate, and the 
precipitate of lead ferulate is decomposed with 
sulphuric acid It can be synthesised by several 
methods by means of Perkin’s reaction by 
heating together vanillin, acetic anhydride and 
dry sodium acetate, and decomposing the acetyl 
feruhe acid thus formed with potash (Tiemann 
and Nagai, Ber 1878, 1 1 , 647) , by treating the 
methyl ether of p ammo m coumanc acid with 
sodium mtnte and decomposing the diazo 
compound thus produced with water (Ulrich, 
Jahresber 1885,2093, c/ OP 32914, Trdl 
I 688) , and by warm mg a mixture of vanillin 
and malomc acid in pyridine solution with a 
little piperidine (Robinson and Shinoda, J C S 
1925, 127, 1973 , Dutt, J Indian Chem Soc 
1925, 1, 297) Rhombic needles, m p 168-169°, 
almost insoluble in cold water, readily soluble 
in alcohol, less soluble in ether (Tiemann and 
Nagai, Ber 1876, 9, 416) The solution gives 
with lead acetate a yellow flocculent precipitate, 
wrt'n lerric c’n’ion&o a yeuowian 'Drown precipi 
tate, and reduces silver nitrate and Fehlings’ 
solution on ivarming Fusion with caustic 
potash converts it into acetic and protocatechuic 
acids It is easily dccarhoxylated by copper 
powder in quinoline to give a good yield of the 
corresponding styrene, which has a strong odour 
of cloves (rromm, Annalen, 1927, 456 168, 
Reichstein, Heir Chim Acta, 1932, 15, 1450) 
It is reduced by sodium amalgam or Pd/CaC0 3 
in hydrogen to the dihydro acid, C 10 H 12 O 4 , 
m p 89-00° (Brand and Westerburg, Aren 
Pharm 1931, 269, 326) With methyl alcoholic 
sulphuric acid it gives a dimene methyl ester, 
which can be hydrolysed to the dimeric acid, 
but ethyl and propyl alcohols give the normal 
caters (Tanaka, Sci Rep Tflhoku Imp Umv 
1929, 18, 619) With methyl sulphate it yields 
3 4 dimethoxy cinnamic acid (Robinson and 
Shinoda, J C S 1925, 127. 1973) Oxidation of 
the acid with ferric chloride in aqueous alcoholic 
solution leads to dehydrodiferulic acid, 
C?o H is°*« eq P 202-205° (sinters at 195°) 
(Erdtman, Svensk Kem Tidskr 1935, 47, 223) 
Certain substituted amides of feruhe acid form 
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compound; -pith acids ana ammonia, t.n. the 
5>:nzvlaniide. Cj-Hj-OjN, cives compounds 
with iH,SO,. H.SO,. HCI and NH, (Koba- 
yashi, Sci. Papers Inst. Pays. Chem. Res. Tokyo. 
1927, 6. 1S5). For a rnicrocheinieal test for 
feralic acid in pharmaceutical products, tee. 
Rosenthaler. Phzrm. Zentr. 1926. 67, 353. 

isoFervlic Acid Is n-hydroxy-p-methoxv- 
cinnamic acid; it is also known as Hc*ptnlir.ic 
cctd (Tiemann and Will. Ber. I SSI. 14. PIS). 

FERVAN1TE. Hydrated vanadate of iron. 
2Fe.O,-2V.O s -5H.O. A golden-brown fibrous 
(monoclmic) mineral, suggestive of stained 
gypsum, occurring with vanadium and uranium 
impregnations in sand-tone in Grant Co., Utah, 
and San Miguel Co., Colorado (E. P. Henderson 
and F. L. Hess. Amer. Min. IP31, 16, 273). 

L. J. S. 

FERTILISERS or MANURES. Either 
of these terms might properly bo applied to any 
material added to the soil for the purpose of 
increasing its fertility, and, in this sense, mould 
be extended to Include lime, chalk, marl and 
even clay and sand. In common practice, 
however, the term manure " or fertiliser " is 
restricted to materials the main function of 
which is to convey directly to the soil some con- 
stituent or constituents of plant food, to the 
exclusion of those of which the fertilising action 
is mainly indirect, consisting in the improvement 
of the physical condition of the soil or the 
development of its inherent or natural chemical 
resources. It has been long recognised that the 
chief constituents of plant food which are 
naturally taken up from, the sod are nitrogen, 
phosphorus, sulphur, potassium, calcium, mag- 
nesium and iron, together with the perhaps less 
important constituents silicon, chlorine and 
sodium. 3Iodcm work, however, has shoum 
that minute quantities of other elements — 
notably boron and manganese — are essential 
factors in the healthy growth of many plants, 
and it appears possible that minute traces of 
copper, zinc, cobalt and perhaps other elements 
of long unsuspected importance may also play 
a part in plant nutrition (r. Ase). 

'Apart from calcium — the artificial supply of 
which is necessary in special cases only — nitro- 
gen. phosphorus and potassium are, however, 
the most important constituents to be applied 
as manure, as thev are those in which the soE is 
most generally deficient. 

Manures or fertilisers are sometimes classified 
as “ natural " and “ artificial," but the dividing 
line is not easilv drawn. In the present article 
we shall bnefiy consider the principal substances 
employed as manures or fertilisers, passing on to 
observations as to the relative utility of some of 
them, and shall then refer to the special methods 
employed for their analysis. 

Farmyard Manure. — Farmyard manure 
and stable manure are composed of litter mixed 
with the excreta of animals. The litter in farm- 
vards is usuaHv straw, but this has been to a 
Iarse and incre asing extent superseded in stables 
by dried and shredded peat moss. In some parts 
of the countrv bracken is used for litter, and in 
hop districts hop-bine is thus worked up into 
manu re The composition, of the manure 
depends initiallv to some extent on the nature 
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of the litter, but to a greater extent on the. 
length of time the litter has been in use, the 
number and kind of animals littered on it, and 
the quantity and quality of the food consumed 
by them. Its final value — that is to say, its 
value at the time of its application to the land 
— is also largely governed by the mode of 
“ making,’’ and the mode and duration of 
storage. In virtue of the large quantity of bulky 
organic or carbonaceous matter that it contains, 
it improves, by the formation of “ humus,” the 
physical condition of the soil, making “ heavy ” 
soils more *' open,” and “* fight ” soils more 
retentive. At the same time, it returns to the 
land the mineral matter and much of the 
nitrogen previously removed from it in the 
form of straw, as well as much of the nitrogen 
and most of the phosphoric acid and potash 
derived from home-grown fodder consumed 
during its production, reinforced by similar 
matter derived from the simultaneous consump- 
tion of additional purchased food. 

The proportion of the nitrogen and mineral 
matters absorbed and retained by animals from 
their food depends upon their age. condition and 
other circumstances. Thus, a young growing 
steer, or a cow in milk, will assimilate more 
nitrogen and phosphates, and consequently void 
less in the form of fieces and urine, than will a 
fattening ox, which has already built up its 
frame and principal nitrogenous tissues, and is 
increasing its weight mainly by the production of 
fat. Thus the quantity of nitrogen voided in 
feces and urine might vary from more than 95% 
of the nitrogen consumed in the food to as little 
as 75%. The proportion of phosphoric acid 
and potash voided will be greater. Obviously, 
in the case of horses, which spend only a portion 
of their time in the stable, only a fraction of the 
excreta will be mingled with the fitter ; and so 
also in the case of cattle which are turned out 
for a part of their time. It is manifestly only 
the stall-fed or yard-fed animal which contri- 
butes the whole of the nitrogen, phosphates, and 
potash which it voids to the manure heap. 

Unfortunately for the farmer, the fer t i li s ing 
matter thus initially contributed to the manure 
is bv no means all ultimately available for 
utilisation. Continual losses occur. These are 
at their highest in an open farmyard exposed 
to the weather, where more or less loss of the 
valuable soluble constituents of the manure is 
alwavs going on by mere drainage, and where 
there is the greatest facility for the evaporation 
of ammonia r They are at their lowest where the 
animals are fed in close boxes, in which the fitter 
is trodden down compactly in watertight pits ; 
but even here there is constant loss by reason of 
fermentative action, not only through evapora- 
I tion of a mm onia, but also by the reduction of 
j ammonia and other easily decomposable nitro- 
genous compounds into free nitrogen. The 
losses that thus occur have been studied by 
numerous investigators, including Lawes and 
Gilbert, A. Voeleker, J. A. Toelcker, Hall, 
Maercker and Schneidewmd, Holdefieiss, Muntz 
and Girard, Mood, Russell and numerous 
others. The general result has been to show 
that, even under the best conditions of ordinary 
■production, the loss of nitrogen may be expected 
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to amount to about 15% by the time the 
manure is taken out of the boxes, while in 
shallow stalls or yards it may amount to 30 or 
40% Further loss of mtrogen takes place 
after the manure is heaped or stacked for 
“ ripening ” or for preservation until it is con 
vement to transfer it to the land It is probable 
that, even with fairly good management, the 
ultimate loss of nitrogen may amount on the 
average to 60% of the initial quantity Under 
bad management especially with open yards and 
free drainage, it is probably often much greater 
Various plans have been adopted or suggested 
for checking the loss, such as the use of gypsum 
or superphosphate sprinkled in the manure 
during its accum illation, to absorb ammonia , 
or of kaimt, which checks fermentation In any 
case the manure should be heaped as compactly 
as possible with layers of earth in it, and the 
heap should be covered with earth It has been 
demonstrated that the greatest percentage loss 
of mtrogen unfortunately occurs in the manure 
that is initially richest namely that produced 
by animals liberally fed on highly nitrogenous 
food 

It is obviously difficult to give an average 
composition for so variable a substance as 
farmyard manure, but broadly it may be said 
to consist of 

Water about 75% 

Organic and volatile matter „ 22% 

Mineral matter (exclusive of earth) , 2 $-3% 
But, as the water may vary from perhaps as 
bttle as 65% to over 80%, the quantity of 
organic matter is liable to considerable inverse 
variation The proportion of mtrogen is 
usually from about 0 45-0 65%, that of potash 
from about 0 4-0 8%, and that of phosphoric 
acid from about 0 2 to about 0 4% 

Hall ( ‘ Fertilisers and Manures, Murray, 
London, 1020) gives tables illustrating the general 
composition of farmyard manure, and also 
showing the influence of feeding on the mtrogen 
contents of the manure [ste tables in next 
column) 

Straw manure will contain more potash than 
peat moss manure, but the latter contains more 
nitrogen Stable manure is " hotter ” — that is 
to say, ferments more rapidly — than farmyard 
manure proper Very large quantities used to 
be purchased from town stables by market 
gardenere and other farmers within easy carnage 
of cities But the supersession of horse traffic 
by motor traffic has now diminished this abun 
dant sourco of fertility to almost a vanishing 
point Such manure largely consists of litter 
that a farmer would regard as only half used, 
owing to the necessity for the prompt clearing 
of town stables , and it is necessarily poor in 
soluble nitrogen compared with farmyard 
manure Analyses by Dyer (tabulated by Hall) 
(see next column) illustrate the composition 
of specimens of such manure, made both with 
straw and with peat moss, fresh and after some 
months’ storage in heap on tho farm of the 
purchaser 

In addition to its mineral constituents (phos 
phates potash salts, etc ) u ell made farmyard 
manure contains enough available mtrogen in the 


Composition or Farmyard Manure from 
Various Sources (Hall) 



Percentage Composition of Farmyard 
Manure (Hall) 



form of ammonia compounds and easily nitrifi 
able organic matters to enable it to begin to act 
as plant food immediately , while it has at the 
same time a reserve of insoluble matter, partly 
decomposed organic matter which yields up 
mtrogen more slowly and gradually, the effect 
of much of which 13 realised only m subsequent 
seasons 


Composition of London Stable Manure 
(Dyer — tabulated by Hall) 




I 

From mixed peat moss 
and straw 

— 

£8 

2 

j Fresh | 

I After storage 




1 | 

2 

I ! 

2 i 

3 

Water 

77 BO 

70 0 

76 1 1 

62 0 




Organic matter 

1 8-00 

°4 3 

10 3 ! 

26 4 

17 5 | 



Mtrogen. sol 

o r>i 

0 10 

oos 

0 OH 

0 06 




0 37 


0 4(5 





Fhosphoric 

add 

0 37 

0 4ft 

0 33 

0 45! 




Potash j 

lift* 

0 5 11 

0 45 

0 t>B| 

0 58j 

0 85 

0-80 


The duration of the action of farmyard manure 
largely depends upon the nature of the soil 
In some * open ” * hot,” gravelly soils, farm 
yard manure is used up with remarkable 
rapidity On other soils its action may be 
spread over a considerable number of years. 
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but in such cases its fertiilising effect especially afford scientific justification of the common 
on arable land, diminishes to an increasing conviction of the farmer that the manure heap 
extent each year, until, under the circumstances apart from its mere supply of plant food, pos- 
of ordinary farming, it becomes imperceptible, sesses some virtues which in the past have lacked 
There are, however, experimental plots at adequate scientific explanation ft*. Arnxrx). 
Rothamsted, where, under circumstances pecu- It appears, too, not impossible that the 
liarly favourable to its operation, the effects of presence of auximones or their production 
early dressings of farmyard manure are still during the decomposition of some of the common 
evident after the lapse of considerably more than nitrogenous organic fertilisers may have some 
half a century. bearing on the fact that, for some purposes. 

The valuation of the unexhausted effect of farmers, and especially market gardeners, often 
farmyard manure in relation to the feeding prefer them, despite the comparative slowness of 
stuffs consumed in producing it, is an im- their action, to inorganic fertilisers of corre- 
portant matter in the application of the Agri- sponding nitrogen content, 
cultural Holdings Act. This subject was fully Peruvian Guano. Guano was originally 
discussed by Hall and Voelcker in a paper introduced into England from Peru in 1839, and 
“ On the Valuation of the Unexhausted Manure for many years it occupied the first place among 
obtained by the Consumption of Foods by concentrated fertilisers. The original rich de- 
Stock.” in the Journal of the Royal Agricultural posits have been for a long time exhausted, 
Society of England, 1913, vol. 74 (also repub- and although occasional importations of fresh 
lished as a separate pamphlet by John Murray, rich Peruvian guano have occurred in recent 
of Albemarle Street, London, IV.}. In this years, most of the fresh deposits are now 
paper the original valuation tables of Lawes retained for agricultural use in the country of 
and Gilbert were revised in the Light of later origin. 

investigation, and, with occasional revision Guano is formed from the excrement and 
to fit market prices, have been adopted by carcases of sea-fowl. The fresh excrements are 
the Central Association of Tenant-Right highly nitrogenous, and consist chiefly of uric 
Valuers. ~ acid and calcium phosphate. If the climate is 

The general chemistry of farmyard manure hot and dry, the excrements are quickly desic- 
has been well treated by Hall in his work on cated and the nitrogenous matter protected. 
“Fertilisers and Manures ’’(Murray, 3rd ed. 1929), These conditions exist on the rainless coast of 
and also by Russell and Richards (J. Agric. Sci. Peru. In a moist climate the nitrogenous matter 
1917, 8, 495). ~ is quickly converted into ammonia and dissi- 

There is, however, another effect of farmyard pated by evaporation or drainage, a phosphatic 
manure which has scarcely yet found its way into guano remaining practical!}' destitute of nitrogen, 
text-books. The trend of modern investigation The main supply of Peruvian guano for 30 
appears to be to indicate that not a little of its years was from the Chincha Islands, which 
value may be due to the stimulating effect on yielded, in all, from what we may call the original 
plant growth of relatively minute quantities of deposits, about 10,000,000 tons. This guano 
organic compounds either contributed directly was a dry, excellent fertiliser, containing from 
in the urine of animals or formed subsequently 13 to 14% of nitrogen, and from 13 to 14% 
by decomposition. These have received the of phosphoric acid. On its exhaustion, about 
general descriptive title of auximones or hor- the year 1S6S, guano was shipped from the 
mones, though the latter term is less happy since Guanape and Macabi Islands. This was a damp 
the term “hormones” should, preferably, be guano containing from 9 to 11% of nitrogen, 
restricted to substances produced internally by a and about 12-14% of phosphoric acid. This 
living organism for its own needs, rather than was succeeded by importations, still from old de- 
extended to include growth-s timula ting sub- posits, from the Ballesta Islands and the islands 
stances of external acquirement or application, of Lo bos de Afuera, and deposits on the mainland 
The credit for the first demonstration of the at Pabellon de Pica, Punta de Lobos, and Hua- 
existence and importance of such auximones in nillos. Many of these deposits^ were of low 
decaying organic matters is due to the late Prof, nitrogenous content, but rich in phosphates,. 
Bottomley of King's College, whose work while gome possessed very much the character 
(1915-17) then failed to receive the attention of the original Chinchas guano, 
that it deserved. But of late years the subject The nitrogen in Peruvian guano is parth m 
has attracted a large number of workers with the form of ammonium salts and partly m organic 
the result that there is already an extensive combination such as urea, unc acid, guanine, 
literature on the subject. One of the typical etc.; and in some cases small quantities ot 
substances of this kind is indolyl-acetic acid, nitrate are also present. The mam part o 
and a number of the congeners or analogues of the phosphoric acid is in the form of fine!} 
this; compound have been found to exhibit divided calcium phosphate, some of the phos- 
similar activity on plant growth. The pro- phoric acid also being in combination wit u 
gress made in this direction up to 1937 was well ammonium, sodium or potassium. Part of the 
summarised in a series of papers by Dr. Hugh phosphoric acid, therefore, is immediately 
Nicol, of the Rothamsted Experimental Station, soluble in water, while even that which is 
published in “ The Manufacturing Chemist ” in insoluble is readily attacked bv weak acids ana 
June, Julv and August of that year. The sub- rapidly available as plant food. There is also 
jeefc is too large for discussion here, but it present ™ appreciable quantity of potash salts, 
appears desirable to make this brief mention of Guano is, therefore, an extremely va lea e 
the fact that investigation now promises to manure, and has always commanded relative y 
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higher prices than most other concentrated different grades from several of the islands given 
fertilisers below, are recorded here although they are now 

Examples of analyses of Peruvian guano of only historically interesting 



Bal 

leatas 

Lobos de 
Afuera 

Can 

tores 

Lobos 

deTiena 

South 

Guanape 

Guanape. 

j Lobos de Afuera 


18 06 

18 30 

28 74 

24 44 

25 72 

16 60 

16 20 

15 68 

10 44 











ammonium salts | 

40 36 

36 32 

35 66 

32 16 

29 91 j 

29 50 

26 55 j 

19 67 | 

11 96 

♦Phosphoric acid ' 









19 13 


9 74 

10 62 

13 25 

1184 

14 79 ! 

16 35 

15 07 i 

17 21 i 

Lime 

9 21 

10 53 

11 45 

10 75 

12 25 

13 08 

12 46 

14 17 

14 50 










12 32 


7 93 

9 61 

9 10 

8 64 

9 84 

11 92 

10 65 

11 27 

Silicious matter 

14 70 

14 62 

180 

12*17 

7 49 

12 55 

20 07 

22 20 

3165 


10000 

100 00 

100 00 

100 00 

100 00 

100 00 

100 00 

100 00 

100 00 

Total nitrogen 

1143 

9 97 

9 44 1 

8 32 

7 19 

7 07 

6 80 

4 68 

2 58 

Equal to ammonia 

13 88 

12 11 

11 40 

1010 

8 73 

8 58 

8 26 

5 56 

3 13 

♦Equal to tncalcium 








! 37 60 

4180 

phosphate 

21 28 

23 20 

28 95 

25 87 


35 72 

32 93 

t Including potash 

2 68 

2 39 

2 76 

2 50 

2 87 

3 09 

2 33 

216 

186 


Besides Peruvian guano, nitrogenous bud 
guanos of commercial importance have been 
obtained from Patagonia and from the Ichaboe 
Islands off the coast of Africa Ichaboe guano, 
being from fresh deposits is rich in nitrogen, of 
which it contains from 9 to 14% Its general 
composition is similar to that of Peruvian guano 
of similar grade An appreciable proportion of 
the nitrogen, however, is in the form of feathers 

Bat Guano — Large accumulations of this 
are sometimes found in caves in tropical or 
sub tropical regions Such guano is rich in 
nitrogen owing to the insectivorous habit of the 
bats The deposits often occur m “ pockets 
and are irregular in composition owing to 
admixture with earth, and it is rarely that 
their transport to a distance is commercially 
pro6 table They are best utilised for local 
fertilisation 

Seaweed — This is largely used in some 
localities near the sea When quite fresh, sea 
weed contains about 80% of water Its com 
position vanes a good deal The nitrogen may 
be 1-3% of the dry matter The average 
(Percentage of potash in 20 analyses of Fucua and 
Laminaria was 3%, and of phoaphonc acid 
0 5% of the dry matter The proportion of 
nitrogen and potash in fresh seaweed is thus 
veiy similar to that m farmyard manure, while 
the phosphoric acid is deficient 

Fish Manure or Fish Guano —Whole fish 
are employed as manure in places near the sea 
B ay found in fresh sprats 63 7% water, 1 94% 
nitrogen and 2 1% ash, including 0 43 potash 
and 0 90 phosphoric acid 

Fish manure, or “ fish guano,” as it is called, 
is made on a considerable scale from \ anous 
kinds of fish refuse The Norwegian fish guano 
J* prepared from cod Herrings, sprats, men 
hadden and other oily fish are boded and pressed 
for the sake of their oil, and the residue is dried, 
powdered and sold as fish guano This mami 
facture u earned on in various places on the 


east coast of England and Scotland It is also 
carried on to a large extent m London, the raw 
material being the fish offal of the metropolis, 
which, for the most part, is simply dried and 
ground The principal value of fish guano lies 
in its nitrogen, which may vary from a9 little as 
6 or 7% to as much as 10 or 11% according 
to the particular kind of fish or fish offal from 
which it is made, and the presence or absence 
of much salt or other impurities There is also 
a good deal of calcium phosphate, which may 
range from as little as 6 or 7% up to 18 or 
20% The potash is inconsiderable The fol 
lowing analyses represent different qualities of 
fish guano — 

Analyses or Fish Guano 
Moisture 14 18 8 78 14 42 11 18 

♦Organic matter 64 07 63 92 63 68 67 22 

f Phosphoric acid 

(P t 0 5 ) 6 68 7 85 7 60 7 72 

Lune G 16 10 47 8 06 8 34 

Salt, magnesia, 

potash, etc 17 31 7 03 6 64 6 14 

Sand 2 70 1 95 0 80 0 40 

100 00 100 00 100 00 100 00 

♦Containing mtro 

gen 6 27 8 74 9 62 10 42 

Equal to am 

moma 7 61 10 61 11 68 12 65 

t Calcium phos 

phate 12 19 17 16 10 39 16 87 

The modem demand for ‘ fish meal ” as an 
auxiliary feeding stuff for pigs and poultry has, 
however, largely diminished the quantity of 
fish residues a\ ailable for use as fertiliser 
Phosphatic Guanos — -The ancient deposits 
of guano occurring in climates in which ram is 
frequent have lo9t almost the whole of their 
nitrogenous matter, they are, when free from 
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ssnd or rock, of value as pkospkatic manures, 
but have been chiefly used for the manufacture 
of high grade superphosphates. Some of these 
guanos have been considerably altered by the 
action of •water and other natural chemical 
agents. One common result of this action is 
the fo r mation of “ crests,” consisting largely of 
calcium phosphate cont aining considerably 'less 
calcium than irlealeinm phosphate, and therefore 
of special value as manu re. 

The principal places from which phosphatic 
guanos have been obtained are various islan ds 
in the Vi est Indies and in the Pacific Ocean. 
Those which more particularly retained some of 
the distinctive characters of guanos are now 
for the most part exhausted, and such as are 
still occasionally obtainable are not imported 
for direct use on the land, but for incorporation 
in the preparation of “dissolved guanos” or 
compound fertilisers. 

Ammonium Sulphate. — Ammonium sul- 
phate was formerly manufactured almost wholly 
from gas liquor or coke-oven liquor. At the 
present time, however, there is a very large 
output of synthetic ammonia obtained by the 
direct combination of nitrogen and hydrogen. 
Simultaneously, the methods of crystallisation 
and purification of sulphate derived, from gas 
liquor have undergone considerable improve- 
ment, especially as regards diminution of free 
acidity; and there is now an abundant com- 
mercial supply of neutral or practically neutral 
sulphate yielding 21% or more of nitrogen 
equivalent to from 99-99-5% of pure sulphate. 
As “neutrality” is often stipulated for, or a 
limitation of “ free acid,” an agreed method 
of testing has been arrived at: 20 g. of the 
sulphsteare dissolved in water, the solution 
being filtered and made up to 2-50 c.c., the whole 
solution being then titrated for acidity, using 
methvd oranae as indicator, the acidity being 
expressed as H J SO i . 

Sodium Nitrate (commercially called nitrate 
of soda) is refined mom the crude native deposits 
(known as caliche), found in the rainless areas 
of Chile. Good commercial sodium nitrate in 
its original form contained about 93% of sodium 
nitrate or 15-6% of nitrogen (equivalent to 19% 
of ammonia), the impurities being moisture, 
sodium chloride, sodi um and magnesium sul- 
phates, quan tines of iodates and sometimes 

of potassium perchlorate, while in some cases 
sodium nitrate is partly replaced by potassium 
nitrate. 

A more refined form, however, is produced by 
the “ Gusgenheim ” method of extraction from 
the native caliche. Commer cial nitrate thus 
prepared is now produced containing 93-99% 
of pure salt in the form of small granules so dry 
and “ easy-r unning ” that cargoes are now 
shipped in bulk instead of in bags, and dis- 
charged bv exhaust suction like wheat. 
Sodium nitrate for use as fertiliser is cow also 
made at BlUinukan by oxidation of synthetic 
ammonia to nitric acid and neutralisation witn 
soda. 

Potassium Nitrate, or Saltpetre, is some- 
times used as a source of both nitrogen and 
potash, but chiefiy in India, where it is a native 
prcduct. 

Yoi_ Y. — 5 
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Calcium Nitrate is also used as a fertiliser. 
Its chief interest at present lies in the feet that 
it is manufeetnred from nitric acid obtained 
by the catalytic oxidation of ammonia produced 
synthetically from atmospheric nitrogen (r. YoLI, 
332} . As put on the market at present, it contains 
about 15-5% of nitrogen (equivalent to about 
19-0% of a mm onia). As at present m ark eted it 
includes a small admixture of ammonium nitrate, 
which overcomes the difficulty of the natural 
deliquescence of the unmixed salt. 

Ammonium Nitrate. — Ammonium nitrate 
is also now extensively used as a fertiliser, not, 
however, in its unmixed or concentrated form, 
but intimately mixed with calcium carbonate 
in which form it is known as “ r.itra cF.alh.” 

Nitro Chalk. — This fertiliser contains 15-5% 
of total nitrogen of which half is ammoniacal 
and half nitric nitrogen. It also contains 4S% 
of calcium carbonate, and is granular and there- 
fore easy to sow and well adapted for top 
dressing. 

Calcium Cyanamideisalsoa fertiliser made 
from ths nitrogen of atmospheric air which is 
passed through coarsely ground heated calcium 
carbide. The resulting mass contains a large 
proportion of calcium cyanamide, and about 
lS-20% of nitrogen. In moist earth it decom- 
poses, yielding ammonia, according to the re- 
action 'CaCNj4-3H.0=2NH3-f-CaC0 2 ; hut 
rt is probable that other influences t h a n mere 
moisture — connected probably with the microbic 
life of the soil — play a part in the production of 
ammonia. As calcium carbide is a product of 
the electric furnace, calcium cyanamide, like 
calcium nitrate, needs electric power for its 
production (r. CrjJViXXDx). It is put on the 
market under the name of “ KalkstfckstofT ” on 
the Continent, or “ nrtroHm ” in England. 

Some forms of calcium cyanamide, especially 
of a granulated type made by using excess of 
lime, contain considerable quantities of dicyan- 
diamide, the action of which has been alleged to 
be deleterious to some crops as well as tending 
to inhibit nitrification in the soil (Yoelcker, 
J. Row. Agric. Soc. 1917 ; also Cowfe, J. A one. 
ScL 1919, 9, part 2). 

Afore recent investiratiozis (Lefort des Houses, 
Chira . et Ini 1927, 18, 216; S. Doldi. Giom. 
Chin Tnd_ AppL 1932, 14, 171 ; also Crowther 
and Ri char dson, J. Agric. Sd. 1932, 22, 301) 
indicate, however, that dicyandiamide is not 
in itself directly toxic to crops, but that un- 
satisfactory field results, following the applica- 
tion of calcium cyanamide or ad mix tures 
thereof cont aining substantial quantities of this 
gew^tive, are probably attributable to in- 
Hbitive action on nitrifying bacteria. 

Caldum cyanamide is now being produced in 
America in a' conveniently finely granulated form 
in the preparation of which the product is mixed 
with a substantial quantity of calcium nitrate, 
with the result that of the 22% of total nitrogen 
contained, in the finished product, about 3% 
is in the form of nitrate. The effect of this is 
that the fertiliser is ready to begin its work im- 
mediatelv, independently of the cyclical change 
of the cyanamide into urea or whatever other 
compounds precede its ultimate transformation 
in to 'ammonia and nitrate. 
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Urea — Urea has thus far found little use 
as fertiliser in this country or in America, but 
in various forms is used ns such to a considerable 
and increasing extent on the Continent of 
Europe Urea is obtained in large quantity by 
the action of various acids on solutions of 
calcium, cyanamide, the action being usually 
expedited by some catalyst, such as manganese 
dioxide or other suitable metallic oxide 
(Carbon dioxide and manganese dioxide, Akt 
Ges f Ur Stiekstoffd unger, G P 301262,22/3/16, 
sulphuric acid and manganese dioxide, Meister, 
Lucius and Brunmg, G P 311018, 14/3/16, and 
311019, 17/3/16, sulphuric acid and ferroso 
feme oxide, M L & B , G P 301278, 17/3/16 , 
nitric acid and calcium nitrate, Nydegger and 
Schcllenburg, BP 163574, 26/10/20, mineral 
aeid3 undor pressure, eg 6 atms at 76°C , Soc 
d’E tudes Chun pour 1 Ind , B P 192703, 
1/2/23 ) Commercially purified urea, containing 
46% of nitrogen, is listed abroad among mtro 
genous fertilisers, but would seem to be too 
concentrated for direct use owing to the 
difficulties of equable distribution in the field 
It is also commercially supplied in the form 
% of urea nitrate, which contains 34% of nitrogen 
The most popular and most convenient form, 
however, in which it is Bupphed to the agncul 
turist is what appears to be a molecular combina 
tion of calcium nitrate and urea in the proportion 
of one equivalent of calcium nitrate to four 
equivalents of urea This affords a stable 
combination resulting in an article containing 
about the samo proportion of nitrogen (34%) 
as is yielded by urea nitrate It is obtained by 
dissolving calcium nitrate in a solution of urea 
in the molecular proportions indicated, the 
solution being concentrated by heat until a 
" melt is obtained containing only insignificant 
quantities of water, and then converted into 
granulated form by a process of spraying 
(Badischo Arnhn u Soda tabrik BT 246377, 
22/0/25, and IQ Farbenmd A G, BP 
332915 and 332918 both of 29/4/29) 

Oilcakes — Cheap or damnged oilcakes, or 
cakes unfit for food (as castor), are employed to 
a considerable extent as manure, and more 
particularly the residual meals obtained as by 
products in the extraction of oil by volatile 
solvents from rape seeds, castor oil seed and 
numerous other oil seeds They aro in request 
for hop manuring, and for general use on light 
soils, on which the fanner prefers a less rapidly 
actiio form of nitrogen than is furnished by 
guano, sodium nitrate or ammonium sulphate 
iboy may contain 4-7% of nitrogen, I 6-3 0% 
phosphoric nnhj dride and 1-2% potash 

Hoof and Horn — The powdered horn oh 
tained In making combs and other articles is 
used to a considerable extent by manure manu 
future* , it Is rich in nitrogen, containing about 

Crushed hoof and horns in coarse form are 
also in considerable demand by hop growers 
and market gardeners as yielding dunng de 
composition a slow but steady supply of 
available nitrogen 

Dried Blood — This is a very valuable 
manure, its nitrogenous matter becoming 
arsiLsliJo to the crop soon after mixing with the 
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eod Perfectly dry blood will contain about 
16% nitrogen and 4% ash, of which one half is 
common salt The commercial article contains 
from about 1 1-14% of nitrogen It is m growing 
demand for direct application to the soil, but 
the greater part both of the dried blood manu 
factured here and of that imported from South 
America is purchased by the manure makers 
and incorporated in compound fertilisers 
Meat meal, Meat Guano — The residue from 
the manufacture of meat extract is exported as 
manure from South America, and from Queens 
land and New Zealand The composition varies 
much, chiefly accordmg to the proportion of 
bone ground up with the meat The mtro 
genous samples may contain 11-13% nitrogen, 
and 0 G-3 0% phosphoric anhydride The 
phosphatic samples may contain 6-7% nitrogen, 
and 14-17% phosphoric acid The better 
grades of meat meal, however, are now in 
demand as feeding stuffs for farm stock 

Shoddy and Wool Waste — These are useful 
mtrogenouB manures, but less active than those 
previously enumerated, being only slowly de 
composed in the soil They are used mainly 
for hops and m market gardening Pure dry 
wool and hair would contain about 17% nitrogen 
and 2% ash The percentage of nitrogen m 
ordinary shoddy varies from about 6 to 8, the 
general average being about 7 Shoddy is apt 
to contain a good deal of water, the other 
impurities are cotton waste and mineral matter 

Leather — The percentage of nitrogen is 4-6 
This is the least active form of nitrogenous 
matter used as manure , but there are various 
manufacturing processes — such as treatment 
with acids or with steam under high pressure — 
whereby the distinctive character of the leather 
is more or less destroyed, the result being a fine 
powder capable of undergoing more rapid 
decomposition 

Soot — House soot is used by farmers as a 
top dressing for spring com Good soot contains 
about 4% of nitrogen or nearly 6% of ammonia 
(say 20% of ammonium sulphate, in which 
form the nitrogen largely exists), but it often 
contains anadmixture of ashes and consequently 
vanes a good deal in strength When used in 
large quantities the carbon is believed to im 
prove tho mechanical condition of clay soils, 
and its temporary darkening of the surface 
tint of pale coloured clay land is said to be of 
value in conserving for the time being an ap 
preciably higher degree of temperature in the 
surface soil by diminishing radiation 
Bones — These are seldom used in their fresh 
state, they have generally been first steamed 
to extract the fat The extraction of fat by 
organic solvents is also in practice This results 
in less loss of nitrogen than does the steaming 
process A third form of bone is that left after 
extracting the greater part of the gelatinous 
matter by boding under pressure The analyses 
shown at the top of the next pago illustrate the 
composition of bone manures 
Bones are either applied to the land directly 
as crushed bones or as bone dust or bone flour , 
or they are employed for the manufacture of 
“ dissolved bone ” The soft parts of bone are 
more nitrogenous than tho hard parts Bone 
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Bone Heal. 



English 




De-gela- 

(containing English 

Boiled 

tin ised 

earths cmoiis (ordh 


or lightly bone- 


matter). 

naiv). Indian. 

. steamed 

. flour. 

Moisture . 
•Organic 

S-24 

S-SO 

S-4S 

S-62 

13-52 

matter . 
t Phosphoric 

S6-14 

34-94 

30-56 

20-74 

9-SS 

add 

£0-75 

21-66 

O-I-IQ 

26--£4 

30-11 

lime . 
Magnesia, 

27-94 

2S-53 

32-03 

35-95 

40-04 

carbonic 
add, etc. 

5 -IS 

4-62 

4-19 

7-25 

5-45 

SQidous 






matter . 

1-75 

1-45 

0-55 

1-00 

1-00 


100-00 

100-00 

100-00 

100-00 

100-00 

•Containing 






nitrogen 
Equal to 

4-72 

4-19 

40-1 

2-33 

0-91 

ammonia 
tEqnal to 

5-73 

5-09 

4-S7 

2-S3 

1-11 

tricaldum 

phosphate 

45-34 

47-33 

52-S5 

57*77 

65-79 

flour is a 

fine powder. 

prepared, from highly 


steamed bones. 

Bone Ash Tras formerly mnch used for pre- 
padng high-class superphosphates, but is now 
rarely used, owing to the abundance of cheaper 
phosphates. The commercial article, such as 
was formedy imported in large quantities from 
South America, contained from 75 to S0% of 
tricalcium phosphate. 

Basic Slag. — By the process patented by 
Thomas (1S77— 79), the phosphorus is removed 
from pig-iron. To molten iron in a Bessemer 
converter lined with lime, a large dose of lime 
is added, and the blast applied”. At the high 
temperature reached, the imparities in the 
iron are oxidised by the air introduced, the 
phosphorus becomes phosphorus pentoxide and 
unites with the lime. A slag is formed contain- 
ing about 40-50% lime, varying quantities of 
magnesia, alumina, iron oxide, manganese oxide, 
silica and phosphoric acid equivalent to from 
20 to 50% of tricalcium phosphate. Basic slag 
is now an important product of the iron and 
steel industry. 

For several years the slag was regarded as 
valueless, the large amount of iron present 
leading to a presumption that its phosphoric acid 
would not prove available to plants, while the 
ferrous oxide would probably be injurious. It 
was, however, found that the phosphoric acid 
in the slag is almost wholly combined with cal- 
cium, and that this calcium phosphate is easily 
disintegrated and rendered soluble in the soil, 
and that no ill effects arise from the presence of 
ferrous oxide. Tetracaldum phosphate has been 
suggested as the combination in which most of 
the phosphorus occurs, but it is now regarded as 
probable that the phosphate has more nearly 
the composition (Ca0) s ,P*0 5 Si0.. The phos- 
phate in the slag is not soluble in water; it is 
dissolved to a considerable extent by a solution 
of ammonium citrate, and when the slag is finely 
ground about 80% of it should dissolve in a 2% 
solution of citric acid. 

Much basic slag, however, is produced in 
the open hearth process. This is of lower grade 
of phosphorus content and of low citric acid- 
solubility owing to the use of calcium fluoride as 
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a flux. It is now generally conceded on the 
result of experimental trials that the practical 
value of basic slag is very largely dependent 
upon the degree of citric acid-solubility of the 
phosphoric acid. The use of calcium fluoride as 
a flux (resulting in the conversion of some of 
the phosphorus into artificial apatite, which is 
not thus soluble) is a disadvantage from the 
point of view of the fertilising effect of the slag. 

To be effective the slag must he finely ground ; 
at least 80% of it should pass through a sieve 
having 100 meshes to the linear inch. The 
grinding requires special machinery. It is 
advisable, according to Horn (J.S.CX 1SS6, 5, 
242), to break first under stamps, to further 
reduce between rollers, then to separate pieces 
of iron by passing over slanting sieves, and finallv, 
to grind between millstones. 

Basic slag is especially valuable on moorland 
soils rich in organic matter and on clay soils 
deficient in lime on which the continuous use of 
superphosphate is undesirable. It has proved 
especially valuable on pasture land on which it 
encourages the growth of white clover. 

Precipitated Phosphate. — Phosphatic 
minerals which are unsuitable for the manu- 
facture of superphosphate, either from their 
poverty in phosphate or from the presence of an 
objectionable amount of iron oxide or alumina, 
are sometimes treated with acid, the calcium 
phosphate dissolved out, and then recovered by 
precipitation. If the addition of the neutralising 
base is stopped while the solution is still acid, 
the precipitate will consist chiefly of dicalcium 
phosphate. 

The phosphoric acid in precipitated phosphate 
stands next in value to that existing as mono- 
caleium phosphate. Commercial dicalcium phos- 
phate may contain as much as 40% P 2 O s and 
is thus a very concentrated fertiliser. Since 
the introduction of basic slag, however, it is 
now scarcely worth while to manufacture pre- 
cipitated phosphate except as a by-product. It 
is thus prepared incidentally to the manufacture 
of gelatin from bones. The bones are treated 
with cold hydrochloric acid, which dissolves out 
the phosphate, leaving the gelatinoid matter un- 
dissolved. The phosphate is then recovered 
from the acid solution by precipitation with milk 
of lime. 

Rhenania Phosphate. — This is an artificial 
preparation made by igniting raw mineral 
phosphatic rock with silica and subsequently 
grinding to fine-meal. The phosphoric acid is 
mainly converted into a form soluble in alkaline 
ammonium citrate (Petermann). The finished 
article contains as much as 27% of “ citrate- 
soluble ” phosphoric acid. 

Superphosphate. — Some of the natural 
mineral phosphates may be apph'ed directly to 
the soil with good effect, if in the condition of 
sufficiently fine powder. Many of the natural 
mineral phosphatic deposits are, however, too 
hard and insoluble to be economically used in 
this manner, and must be treated with sulphuric 
acid 3nd converted into superphosphate. 

The treatment of bone with sulphuric acid 
was originally recommended by Liebig. The 
treatment of mineral phosphates with sulphuric 
acid originated with Lawes, who took out a 
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patent for this process in 1842, and founded a 
manufacture winch has since reached enormous 
dimensions A statistical report of the Inter 
national Superphosphate Manufacturers’ As 
sociation for 1937 estimated the worlds pro 
duction of superphosphate for that year at 
nearly seventeen million tons 
Superphosphate in the United Kingdom is 
now sold on the basis of its percentage of water 
soluble phosphonc acid (P 2 O s ) lormerly it 
was sold on the percentage of ‘ soluble phos 
phate " — which term indicated the quantity of 
original tncalcium phosphate to which the water 
soluble Pj0 6 was equivalent The term is still 
sometimes used, but the Fertilisers and Feeding 
Stuffs Act, 1926, now in force, requires the 
vendor to give his guarantee in terms of P.O s 
Phosphate Mate rials Used — Superphos 
phate was prepared by Hawes m the first 
instance from spent animal charcoal , Suffolk 
(Tertiary) coprolite and Estremadura phos 
phonte were also early employed The Suffolk 
coprolite was for 15 years the principal material 
made use of The far superior Cambridge 
(Greensand) coprolite then became for many 
years the chief material, but these coprolites 
are no longer used Deposits rich in calcium 
phosphate have been found all over the world , 
many of these have been exhausted, and others 
given up as of inferior quality, or as being at 
present pnces too expensive to work The 
following account is given however both of some 
of those which have become matters of history, 
or the use of which is at present in abeyance from 
the effect of competition, as well as of those 
which are at present m use 
South Carolina or Charleston Phosphate 
— This is apparently a converted Eocene marl, 
occurring in rough masses, largely perforated by 
boring moUusca, and associated with fossil bones 
and teeth It is classed as" land ’and “river ’ 
phosphate , the latter is obtained by dredging 
the Bull, Coosaw and Stono rivers This 
phosphate came first into use in 1867, and soon 
became the chief material for the manufacture 
of superphosphate The quantity exported to 
the United Kingdom in 1887 was 165,275 tons 
(principally nver phosphate) , in the same year 
430,549 tons were used in the United States 
There are three grades, containing phosphonc 
acid equal to 50-52, 65-56 and 58-60% tn 
calcium phosphate, they differ mainly in the 
proportion of Bihcious matter present South 
Carolina phosphate, though not rich enough for 
the preparation of high class superphosphates, 
was an admirable matenal for the production 
of an ordinary superphosphate, containing, 
according to the quality of the phosphate used, 
from 11 to 14% soluble phosphonc acid, or, in 
commercial language 24—30% soluble phosphate 
But, owing to the discovery of other deposits 
and to the local demand for this particular 
phosphate in the United States, it has at present 
practically ceased to be imported into England 
Belgian and Somme Phosphate — In the 
north of Franco (departments Somme and Pas 
do Calais) and in the adjoining distncta of 
Belgium there exists a large deposit of a friable 
phosphatie rock, “ eraie gnse,’ extending over 
seven million acres This deposit lies on ordinary 


white chalk, it consists of yellowish grams 
embedded m a chalky matrix The rock con 
tarns 20-30% of calcium phosphate, occurring 
in the crystalline grains above mentioned In 
the upper layer of thi3 deposit are pockets, 
chiefly developed in the French area, which con 
tarn a sand richer m phosphate and poorer m 
carbonate than the underlying rock, the propor 
tion of phosphate m this sand being 50-80% 
The sand has probably been formed from the 
original rock by the action of water This 
phosphatie sand is known as “ Somme phos 
phate 

The Belgian phosphatie rock is generally of 
low quality By washing and blowing, a 
material containing 40-45% calcium phosphate 
is produced Many schemes have been _tned 
for removing the calcium carbonate, and ’thus 
raising the value of the matenal , none has yet 
become a commercial success Belgian phos 
phate has been much used with other phosphates 
as a diluent , the carbonate it contains produces 
much gypsum when acted on by the sulphuric 
acid, and considerably improves the porosity 
and dryness of the manure There phosphates 
are now little, if at all, used m England 

Phosphorites — Large deposits of apatite, 
or of phosphates having an apatite character, 
occur in many places , thore most worked have 
been the Estremadura, the Canadian and the 
Norwegian These however, are not now 
brought to this country, and have for the 
present ceased to be worked, but Russian apatite 
(under the name of * Kola phosphate * ) con 
centrated by a levigation process, is being 
produced in considerable quantity, and is in 
use on the Continent for the production of 
superphosphate 

1 Estremadura Phosphonte — An immense 
deposit occurs in Ca ceres In composition it is 
a fluor apatite but mixed with much quartz, 
and with more or less calcium carbonate There 
are three qualities, containing about 50, 60 and 
70% tncalcium phosphate The calcium carbo 
nate varies from 6 to 16% The exports were 
m former years large, amounting sometimes to 
60 000 tons per annum, but it has long ceased to 
be used in England 

2 Canadian Phosphorite — This is much richer 
than the Estremadura phosphonte, containing 
70-80% tncalcium phosphate The lower 
qualities contain much mica The amount 
formerly exported to the Umted Kin gdom was 
considerable, but it is not now m use here 

3 Russian (‘ Kola ’ ) Phosphate — This m the 
‘ concentrated ” form in which it is marketed, 
contains about 33-39% of phosphonc acid 
equivalent to 83-85% of tncalcium phosphate 
Samples analysed by the writer have been 
found to contain 0 85-1 0% of iron oxide, about 
0 4-06% of alumina and about 0 8% of 
titanium oxide 

Caribbean Phosphates — Under this head 
are grouped the rock phosphates found on many 
of the est India Islands, some of which are 
often classed as phosphatie guanos 

I Aruba — This is one of the Dutch islands 
The phosphate is of high quality, containing 
75-80% tncalcium phosphate, but imports hero 
have long ceased 
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2. CurcQco . — Another Dutch islan d. This, 
which. is stiH being largely vorked and is one 
of the finest phosphates available, contains 
about 7S-S5% tricalciam phosphate. It is used 
to a large extent in making high-grade super- 
phosphate. mainly in Continental fertiliser 
factories. 

3. Sombrero * — This valuable deposit. now 
exhausted, contained 70—75% tricalcium phos- 
phate. 

4. Xarcsro . — This contained the equivalent 
to 60—70% tricalcium phosphate, but too much 
iron oxide and alumina. It is no— rarelv heard 
of. 

Bobdejxx Phosphate. — Raised in the de- 
partments of Lot and Tam-et-Gsronne. This 
is notr little used in England, as it is not rich in 
phosphate, and contains much ferric oxide and 
alumina. 

Xxssxtr ob Llex Phosphate. — This is stiH 
used locally, but the exports to this country 
have ceased. It varies much in composition; 
the higher qualities are suitable for the manu- 
facture of superphosphate, but the lover qualities 
contain much iron. This phosphate is remark- 
able as containing a distinct amount of iodine. 

CoPBomzs. — The phosphatic nodules com- 
monly known as eoprolifes. found in England, 
are no longer in use. The Cambridge (tipper 
Greensand) coprolite mas the best of the English 
sorts; it contained 55-60% tricalcium phos- 
phate, without an admixture of ingredients 
prejudicial to the production of soluble phos- 
phate. The Suffolk coprolite (Tertiary} con- 
tained less phosphate (55%) and more ferric 
oxide. The Bedfordshire coprolite (Lover 
Greensand) vas sail more inferior, the ferric 
oxide being present in increased proportion. 
But these various coprolites posses a permanent 
historical interest, as being the original form of 
phosphate used by Laves for the production 
of superphosphate. 

In France there are considerable deposits of 
coprolite in the Upper Greensand in the depart- 
ments of Pas de Calais, Meuse and Ardennes. 
These generally contain a lov proportion of 
phosphate, and much silicious matter. 

Feobida Phosphate. — Extensive deposits of 
high-grade phosphate have been opened up 
d urinr later years in the Srate of Florida. 
The phosphate is of tvo kinds, namely, *' hard 
rock ” phosphate and “ pebble ” phosphate. 
The rock phosphate commonly contains from 
7S to 80% of tricalcium phosphate, and the 
pebble phosphate about 79-74%. There is. 
hovever. also a hmh-grade pebble phosphate 
containing from 73 to 79% of tricalcium ; 
phosphate. These phosphates are very videly j 
used for superphosphate. 

Afeicax Phosphate. — An extensive range of • 
phosphate deposits exists on or near the | 


Cheisthas Islavd Phosphate. — This is a 
deposit found on Christmas Island — an island 
lying in the Indian Ocean south of Java. It 
contains about S7% of tricalcium phosphate, 
and makes excellent superphosphate. At 
present the output is said to be largely consumed 
in the manufacture of superphosphate in Japan. 

Pacific Phosphate. — Valuable deposits of 
s imilar high-grade phosphates, cont ainin g S6 or 
S7% of tricalcium phosphate, accompanied by 
very little ferric oxide or al umin a and practically 
no silica, occur on certain islands in. the Pacific 
Ocean lying to the north-east of Australia. The 
principal deposits at present vorked are those 
of Ocean Island and Naum Islan d, but deposits 
have also been found on the island s of Makatea, 
Tahiti and Angaur. Much of the phosphate 
raised on these islands is consumed for super- 
phosphate making in Australia, New Zealand 
and Japan. 

The vorld output of mineral phosphate from 
aD sources during the year 1937, as statistically 
compiled by the Phosphate Export Association 
of New York and London, vas approximately 
12,000,000 tons. Of this output 469,227 tons 
vere imported into the United Kin gdom, being 
as follovs : — 

Metric tons. 

Florida (Pebble) 5,576 

Algerian (Constantine) .... 85,366 

Tunisian: 

Gafea 166,55S 

Tunisia 25,946 

M Viifi a 77,43S 

Morocco 83,130 

Ocean-Nauru 5,S17 

Russia 10,896 

France "500 


469,227 


northern coast of Africa, known in commerce 


as Algerian, Tunisian. Tocqueville. Gafra and i 
Egyptian phosphates. These are soft, powdery ; 
or friable minerals, containing for the cost ; 
part comparatively little silicious matter, but 
a Large proportion of calcium carbonate. The 
proportion of tricalcium phosphate commonlv j 
approximates to 60%. varying from about 5 9% ( 
to nearly 64%. > 


Geoced Mxeebai. Phosphates. — Owing to 
improvements in milling machinery available 
for fine grindinr in recent years, much develop- 
ment has oc cur red in the direct application 
to the soil of the softer types of mineral phos- 
phate. notably those found in various parts of 
North Africa. For direct use on the land, these 
are usually ground so finely that from SO- 90% 
of the powder passes through a sieve having 
120 meshes I .MAI. per linear inch. These 
phosphates have a range of from about 25-32% 
of phosphoric acid ( P.O say oo— 69% "of 
tricalcium phosphate, calculated on ary basis. 
T Lev appear to answer well on some soils where 
climatic conditions are favourable but, where 
early results are looked for, the application of 
phosphoric acid in this form needs to be larger 
than* when the phosphate is first rendered 
soluble as in superphosphate. “ Hard ” phos- 
phates. especially those of the apatite form, are 
unsuitable* for direct application to the soil, 
however finely ground. 

ILo-ttacttp-e or S CTEr.mo s nr at r. — The 
raw phosphate is first reduced to an extremely 
fine powder. If the material is in large lump?, 
it is*£rst reduced by mean? of a ere c her. srd 
is then transferred to 3 suitable mill. The 
Kent mill is largely used for this psrpo?e, and 
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is worked m conjunction with a screen and 
elevator The finer the powder obtained, the 
more complete will be the decomposition by 
the sulphuric acid For first class work the 
powder should pass through a sieve of 80 wires 
to the inch In view of the stringency of 
modern factory legislation, a dust collecting 
plant of some sort such as the Beth filter, is 


usually considered necessary in the part of the 
works devoted to milling 
It has been assumed in some text books 
that the reaction in superphosphate making is 
simply 

Ca s P 2 0 8 +2H 2 S0 4 =C*H 4 P 2 0 8 -f-2CaS0 4 
1 This may be true as regards the major portion 


Percentage Composition of Mineral Phosphates employed in th£ Manufacture of 

S OPERPH OS PHATE 


(From analyses made by the writer of this article ) 
Florida Phosphates (Dried at 100® ) 



Hard rock 


Pebble medium grade 

Pebble high grade 

♦Phosphoric acid 

36 OS 

36 44 

36 81 

31 92 

32 24 

32 80 

33 S3 

36 24 

35 90 


51 29 

50 46 

50 96 

46 76 

46 78 

47 18 

43 03 



Alumina 

1 42 

144 

1 41 

1 28 

1 29 

1 32 

I 23 

I 32 

1 

; Feme oxide (ex 
elusive of any 

0 60 

060 

0 55 

145 

1 50 

1 85 

\ 05 

0 60 

> 9 20 

Magnesia, carbonic 
acid, fluorine 

784 

6 31 

6 67 

11 66 

10 43 

9 50 

946 

6 40 


SiIjcious matter 

2 80 

4 75 

3 60 

6 93 

7 76 

7 35 

3 25 

6 00 

6 22 


100 00 

100 00 

100 00 

100 00 

100 00 

100 00 

100 00 

100 00 

100 00 

♦Equal to tncalcium 
phosphate 

78 77 

79 62 

80 43 

69 75 

70 44 

71 67 

74 25 

7918 

78 44 

Excess of lime over 
tncalcium phos 
phate 

8 57 

7 28 

7 34 

8 93 

8 58 

8 31 

7 76 

6 50 

6 14 

Moisture in phos 
phate as ini 
ported 

0 66 

1 60 

- 

2 11 

1 94 

2 03 

3 33 

- 

- 


North African Phosphates (Dried at 100° ) 



Algerian 

viUe 

Tunisian 

Gafsa 

K»laa 

Djcrda 

Eojseir 

Morocco 

♦Phosphoric acid 










(p*o s > 



25 2G 

27 21 

28 44 

27 12 

27 68 

32 89 

34 55 

I imo 

47 79 

60 46 

43 01 

48 83 

49 92 

44 87 

49 60 

49 75 

52 48 

Alumina 

0 56 

0 44 

0 52 

0 54 

0 48 

0 96 

0 47 

0 38 

I 

Feme oxide (e< 
elusive of any 
* pyrites) 

Magnesia carbon i c 

0 25 

0 30 

0 48 

0 30 

0 25 

0 40 

0 3 0 

0 60 

V 0 70 

acid, fluorine 
etc 

18 9o 

16 9G 

17 33 

17 66 

17 41 

18 95 

18 85 

13 34 

11 17 

' Silicuma matter 

5 40 

2 SO 

13 40 

6 46 

3 50 

3 30 

316 

364 

4 46 


100 00 

100 00 

100 00 

100 00 

100 00 

100 00 

100 00 

100 00 

100 00 

' • Equal to tncalcium 










phosphate 

Excess of lime over 

59 10 

63 45 

55 19 

59 45 

6214 

59 26 

60 45 

71 79 

75 49 

tncalcium pho3 
phate 

15 74 

1605 

13 OS 

16 59 

16 22 

12 73 

16 83 


11 54 

Moisture in pbo* 






phate as irri 

ported 

- 

- 

- 

3 30 

3 2i 

- 

400 

2 15 

2 52 
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Various Phosphates. 


(Dried at 100’.) 


! 

jchristmas 
J Island. 

1 

1 Occan- 
N'nuru. 

L 

Tennessee. 

Belgian. 

' 

French. 

• 

Canadian. j 


Rich. 

POOT. j 

‘Phosphoric acid (P 2 O s ) 

39-So 

39-S4 

i 36-92 

19-57 

23-S0 

39-32 

29-99 ! 

Lime 

52-24 



49-34 

52-96 

54-1 S 

42-25 , 

Alumina 

1- 35 


1-59 

0-43 

1-44 

mnrnm 

2-S4 

Ferric oxide (exclusive of 
any pyrites) .... 

0-45 

0-23 


0-65 



1 

2-03 > 

Magnesia, carbonic acid, 
fluorine, etc 

5-96 

G-4S 

7-46 

26-23 


4-11 

9-27 

Silicions matter . 

0-15 

0-10 

i 

1-74 

3-7S 1 


1-44 j 

13-62 


100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

‘Equal to tricalcium phos- 
phate 

S7-07 

87-05 


42-76 

52-00 

85-84 

65*47 

Excess of lime over tri- 
calrfum phosphate 


5-S4 

6-91 

26-15 

24-76 

7-66 

6*77 

Moisture in phosphate as 
, imported 

1 

1-54 

2-52 

1-21 

0-45 

— 


4-86 

! 


j 

Spanish. 

VTest 

Indian. 

Coprolites. 

Sonth 

Carolina. 

High 

grade. 

Poor. 

Aruba. 

Curacao. 

Bedford- 

shire. 

Suffolk. 

•Phosphoric acid (P„0 5 ) 



25-77 

33-63 


25-97 

26-30 

26-73 

Lime 

48-49 


34-5S 

4S-33 

51-55 

40-66 

41-72 

43-62 

Alumina 

1-79 

1 

r 

1-63 

0-20 

1-4S 

1 r 

0-83 

Ferric oxide (exclusive of 









anv pvrites) .... 

1-05 


*01*11 

1*75 


5-30 

>22-90 < 

1-45 

Magnesia, carbonic acid. 







1 


fluorine, etc 

7-9S 

J 

l 



14-03 

J l 

17-77 

Silicious matter .... 

5-6S 


32-55 

2*56 


12-56 

9-OS 

■n 


100-00 



100-00 

100-00 

100-00 


•Equal to tricalcium phos- 









phate 

76-43 


56-26 

73-4S 

S0-8I 

56-69 

57-4 2 

58-35 

Excess of lime over tri- 









calcium phosphate 

7-07 


4-09 

S-4S 

7-00 

9-94 

10-60 

12-00 

Moisture in phosphate as 









imported 

’ 


1-17 

3-04 

2-00 

0-65 

1-41 

0-90 


of the phosphate rendered soluble. But in 
practice, as was first pointed out by Ruffle 
(J.S.C.I. 1S57, 6, 327). the reaction, as regards 
an appreciable portion of the phosphate, almost 
invariably proceeds farther, thus : 

Ca 3 P 2 0 g -h3H 2 S0 4 =2H 3 P0 4 -r3CaS0 4 

so that a water solution of superphosphate 
contains a major proportion of CaH .P,O g , 
with a minor proportion of free phosphoric acid 
H 3 P0 4 . Indeed, unless there is a fair pro- 
portion of the latter, the “ soluble ” phosphate 
is unstable, ov.ing to liability to reversion by 
subsequent interaction between the dissolved 
phosphate and that which was originally left un- 
dissolved. Thus superphosphate, when freshly 
made, may contain as much as from 6 to 10% of 
HjPO., and sometimes more. 


[ In the first stage of the reaction, probably 
i phosphoric acid alone is produced, and this after- 
wards reacts on the remaining undecomposed 
phosphate. The proportion of free phosphoric 
acid in the resulting manure is greater when 
strong sulphuric acid has been employed, the 
total soluble phosphoric acid being, at the same 
time, diminis hed. When superphosphates are 
dried at- 100’, a loss of soluble phosphoric 
acid also occurs, and this loss becomes greater 
when a higher temperature is employed 
(Ruffle). 

A further reaction which is of some practical 
moment to the manufacturer of superphosphate 
is the diminution of soluble phosphate by 
keeping. The regenerated insoluble phosphate 
is known as “ reverted phosphate.” This de- 
terioration daring storage is not observed in the 
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case of well made superphosphate prepared 
from finely ground mineral phosphate containing 
only an insignificant quantity of iron or aln 
minium, but it occurs when feme oxide or 
alumina is present m any considerable quan 
tity 

So long as superphosphate is valued only on 
the basis of its content of water soluble phos 
phate, ferruginous and aluminous phosphates 
will be avoided by the manufacturer On the 
Continent, however, and in the United States, 
reverted phosphate has a considerable money 
value, allowing of the Use of mineral phosphates 
containing relatively large quantities of iron 
and aluminium 

The sulphuric acid employed is usually 
pyrites made chamber acid of I 55 to I 60 sp gr 
Weak acid is essential, as the dryness of the 
superphosphate depends largely npon sufficient 
water being present for the crystallisation of the 
calcium sulphate (CaSO* 2H jO) formed by 
the reaction It follows that, when much 
calcium carbonate is present in the phosphate, 
weaker acid will be required than when but little 
calcium carbonate is present When calcium 
fluoride is present m considerable quantity, and 
very little or no calcium carbonate (as in apatite), 
acid stronger even than 1 66 ep gr js necessary, 
as calcium fluonde is not so readily decomposed 
as calcium carbonate 

The proportion of sulphuric acid to be used 
depends, of course, upon the composition of the 
phosphatic material Theoretically, 100 of tn 
calcium phosphate will require 94 of sulphuric 
acid of spgr 1 60 (55% S0 3 ), or 100 of sul 
phunc acid of sp gr 1 55 (51 5% SO,), if mono 
calcium phosphate is to be produced The 
proportion of sulphuric acid Used in practice is 
usually as large as can be employed without 
endangering the dryness of the product It is 
generally somewhat in excess of that needed to 
produce monocalcium phosphate, but is con 
siderably below that required to yield only 
phosphoric acid 

The excess of lime present in the phosphate (as 
carbonate or fluonde) is a principal factor m 
determining the quantity of sulphunc acid to 
be employed 100 of lime will require 260 of 
acid sp gr 1 6 or 277 of acid sp gr 1 55 to 
produce calcium sulphate At the foot of the 
tables previously given will be found the excess 
of lime (over that required to form tn calcium 
phosphate) present in each of the mineral 
phosphates commonly employed Phosphates 
containing a considerable excess of lime will 
obviously yield a poorer superphosphate than 
their percentage of phosphonc acid would seem 
to indicate, owing to the large proportion of 
sulphunc acid which they require 
In the earber methods of manufacture of 
superphosphate, the powdered phosphate was 
’’‘"■from bags while a measured 
j of acid was run m from a tank, the 
mixer consisting of a cylinder containing a 
revolving shaft with arms or paddles, the 
contents, after a bnef mixing, being discharged 
~y _* T ®"° mto a pit or " den " in which it was 
hardened, and from which it was snbsequently 
excavated originally by hand labour, but later 
by suitable mechanical means 
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Of recent years, howerer, considerable im 
prorements of a mechanical nature have been 
made in the manufacture of superphosphate 
with the result that the superphosphate now 
produced is much dner and more granular than 
the earlier forms, and no longer exhibits the 
troublesome tendency to cake and clog the drills 
or other mechanical devices used for distributing 
it on the land — a very great practical advan 
tage 

In one form of modem plant (known as the 
“ Broadfield ” plant), the finely ground raw 
phosphate and the acid are continuously fed 
together in proper proportions into a mixer 
supplied with paddles by which the mixture is 
agitated from 4-5 minutes, being continuously 
discharged into a den having the form of a 
horizontal cylinder in which it “ seta " or 
solidifies This cylindrical den contains a 
travelling “ carnage ” on which is mounted a 
cutter, the motion of the carnage and that of 
the cutter being effected by an electric motor 
The “ carnage ” travels along the den, while 
the cutter reduces to powder the mass of super 
phosphate m front of it, and this is finally 
discharged by means of belt conveyers mto the 
storage bin This form of den is known as the 
“ Wenk ” den There is, however, another 
form of den (known as the “ Milch ” den) which 
is planned m the reverse sense, the den itself 
(a steel cylinder) being mounted on wheels so 
that it travels forward on to a fixed “ excavator," 
off which is mounted a cutting apparatus 
similar to that on the movable carnage used in 
the ‘ Wenk " den 

A new mode of manufacture, which is also 
in use in England, has been patented by Messrs 
Ober & Sons of Maryland, B P 357508, 357509, 
358529, all of 1931 The plant used, which is 
necessarily more complicated than that in earlier 
modes of manufacture, is so contrived that a 
stream of acid passes to a “ receiving zone ” 
where it meets and intermixes with a stream of 
mineral phosphate in a state of fine division, the 
combined stream being passed under pressure 
into a horizontal cylindrical autoclave which is 
kept in continual rotation, and has an outer 
jacket by means of which its temperature may be 
raised or lowered The mixture of phosphate 
powder and acid is drawn into the autoclave by 
aid of a partial vacuum until a full charge has 
been introduced, when the exhaust is closed and 
the charge is allowed to produce under pressure 
of its own reaction the gases and vapours 
generated by the chemical reactions which are 
going on The full internal pressure thus set 
up is maintained for a time and then released, 
the escaping gases and vapours being passed 
through a condenser The result of the release 
and expansion of gasea and Tapours causes a 
sudden drop in the temperature of the contents 
of the autoclave, which may be further reduced 
by admitting a “ cooling medium " into the 
hollow jacket of the autoclave It is claimed 
that the sudden drop m temperature accelerates 
crystallisation 

Subsequently, the superphosphate is dried by 
replacing the “ cooling medium ” in the jacket 
of the autoclave by a 11 heating medium,” 
while simultaneously the autoclave is subjected 
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it Gypsuip is sometimes used as a drier to mix 
with damp or pasty fertilisers 
Borax is sometimes effectively used as a 
remedial application for “ heart rot ” m sugar 
beet, turmp3 and swedes and also for certain 
diseases of apples and of tobacco It was con 
clu«i\ elv proved by K Warmgton as long ago 
as 1923 that traces of boron were essential to the 
development and flowering or broad beans, and 
it may well be that traces of boron in the soil 
an) essential for most crops, m which case it 
appears probable that most soils contain a 
sufficiency of it When used, applications are 
usually restricted to such small dressings as 
15 to 20 lb of borax per acre If applied m 
dressings approaching the proportions of the 
dressings m which ordinary concentrated ferti 
lisers are applied it may be disastrously 
poisonous 

Lime, Chalk and Marl — These are mainly 
applied f or the sake of the considerable amehore 
tion of the soil which they effect, especially in 
the correction of “ acidity ” Burnt lime, fresh 
oc slaked, is in common use Freshly burnt lime 
is usually used in “ lump ’ form, but can now 
also be obtained from cement factories in a finely 
ground state, m which condition much smaller 
dressings may be effectively used, though, of 
course, they need to he repeated from time to 
time Finely ground chalk is now also obtain 
ablo from the same source, and there is a 
growing supply of finely divided calcium 
carbonate obtained as a by product m the 
softening of calcareous water supplies 

Potassium Salts — (Those used as fertilisers 
are mainly the sulphate containing from about 
48 to 53% K,0 and the chloride (commer 
cinlly known as “muriate”) containing KCI 
equivalent to about 50% K,0 Lower grades 
of potassium chlonde largely diluted with 
sodium chloride are also much m use One grade 
containing the equivalent of about 12 to 14% 
K,0 isoflcn sold under the misnomer “ITainjt" 
— presumably because its potash equivalent 19 
similar to that of the formerly popular natural 
mineral ia in if e, which if not yet exhausted is 
now rarely obtainable 

Tor most crops the sulphate or chlonde may 
be used interchangeably, hut for potatoes the 
sulphate is preferable On freely draining soils 
the lower solubility of the sulphate may be 
advantageous, but on most sods, even with the 
chloride, there is little chance of loss by 
drainage, as the potassium is readily fixed by 
“baso exchange” m the clay fraction of the 
sod 

The Relatiie Value or Mavures 
Of the nitrogenous fertilisers nitrates are the 
most rapidly active form of nitrogen Com 
pan so ns between sodium nitrate and ammonium 
salts, containing similar amounts of nitrogen, 
have been made for mam years at Rothamsted, 
and also at W oburn \\ ith cereal crops the 
nitrate, on an average, yields, nitrogen for 
nitrogen, distinctly more corn and considerably 
more straw than ammonium salts On grass 
land, the relative superiority of nitrate as 
regards yield of hay. is about the same as with 
cereals For potatoes, ammonium sulphate is 
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usually preferred to nitrate For mangel wurzcl’ 
or sugar beet, the nitrate is superior Nitrates 
and ammonium salts, in favourable circum 
stances, give most of their effect m the first year 
of their application 

The constant use of ammonium sulphate on 
soils poor m lime tends to cause a deleterious 
acid condition of the soil unless lime is occa 
aionally applied On such soils the use of 
sodium nitrate in alternate years has been 
suggested, since the residual effect of this salt 
in the soil is alkaline 

Cyanamide, under favourable conditions, 
gives results similar to those obtained from a 
corresponding quantity of ammonium sulphate, 
but its action'depends upon its time of applica 
tion and upon suitable weather and, probably, 
upon the texture and composition of the soil, as 
well as on biological considerations It is best 
used after admixture with superphosphate, 
thwugb it, has the. incidental effect of “ pre 
cipitating ” soluble phosphate Unless supplied 
in the granulated form it is not a pleasant 
substance to handle in its raw condition, and, 
if sown alone, it should be sown by means of a 
mechanical distributor 

The effect of organic nitrogenous manures 
differs in different soils In a clay soil, hones 
decompose so slowly as to be of little value 
Organic manures, as shoddy, oilcake, bones and 
farmyard manure, yield only a portion of their 
nitrogen to the crop during the first year, and 
several years will elapse before the supply is 
exhausted The continued use of such manures 
increases the proportion of nitrogen m the soil ^ 
The proportion of the nitrogen in the manute 
that is recoiered m the crop is frequently 
smaller than that obtained under favourable 
circumstances m one season from the applica 
tion of Bodium nitrate or ammonium sulphate, 
the slowly acting manures being, m the case of 
arable land, subject to an annual loss of nitrogen 
as nitrates by drainage Organic nitrogenous 
manures are more active in proportion as they 
are finely divided, and when applied to a well 
aerated sod They are best applied m autumn, 
while nitrates and ammonium salts should be 
applied in spring 

At the close of the section devoted to 
farmyard manure, (page 63) reference was 
made to the now recognised existence of 
“ auximones ” (plant growth stimulants) in 
some forms of decaying organic matter having 
a function additional to the mere supply of 
actual plant food — with the suggestion that this 
may have some bearing on the well known fact 
that for some purposes farmers show a preference 
for organic nitrogenous fertilisers over tho'e of 
inorganic origin — such as nitrate or sulphate of 
ammonia 

The relative value of different forms of phos 
phates has been a subject of much controversy 
Some mineral phosphates (as apatite) having 
been found almost useless as manure, it was too 
hastily concluded that (with the exception of 
bone and guano phosphates) only phosphates 
soluble in water were effective It has, however, 
been maintained that very fine grinding will 
render any phosphate as available as soluble 
phosphate 
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In considering the subject it should be borne 
hr mind that the phosphates in the soil, on which 
plants feed, are not soluble in water. drainace 
tracers being free from phosphoric acid. Soluble 
phosphate when applied to a fertile soil is qtdcklv 
precxpitated. and is generally finally converted 
into a hydrated ferric or al uminium phosphate. 
Xne practically insoluble phosphates of the soil 
are dissolved either by the acid sap of the root 
hairs immediately before absorption by a crop 
or (as is no— considered more probable) by the 
carbonic-ccid-Iaden crater of the soil. 

One great advantage possessed by a phos- 
phate soluble in crater consists in its divisibility. 
When ra in falls after an application of super- 
phosphate or other crater-soluble phosphate, the 
phosphoric acid is distributed in the soil more 
perfectly than can be achieved by any other 
mode of application, and consequently a greater 
number of root hairs may come in contact crith 
it. Superphosphate is thus more immediately 
effective than other forms of phosphate. The 
superiority of superphosphate is. hotrever, not 
shown in the case of some soils very poor in 
lime, in trhich any additional supply of acid 
matter is hurtful to the plant ; in such cases an 
assimilable undissolved phosphate may produce 
a better result. On such soils (poor in lime), 
basic slag, guano or fine bone meal fiud an 
appropriate place. 

Numerous experiments hare been made re- 
garding the assimilability of mineral phosphates 
cvhen finely ground. It appears that apatites 
and other crystalline phosphates not dis- 
integrated in the soil, have a very small manorial 
effect even cvhen finely ground. The majority 
of non-apatitic mineral phosphates are. hocvever. 
effective cvhen very finely ground, but to a 
different extent on different soils. The con- 
ditions favourable to the use of undissolved 
phosphates are presence of humus and scarcity 
of lime. On the moor soils of Germany, where 
snch conditions prevail, basic slag lias had its 
greatest success. A calcareous soil is the one 
least suitable for the use of uudissolved phos- 
phates. 

It is generally admitted that precipitated 
dicalcium phosphato is nearly equal in effeo£ to 
soluble phosphate. Phosphates that are soluble 
in ammonium citrate (including the reverted 
phosphate of superphosphate) may be safely 
regarded as assimilable by plants ; in America 
they are regarded as of about equal value with 
water-soluble phosphate ; that they are so 
always is certainly open to doubt. But phos- 
phates that are insoluble in ammonium citrate 
are often effective as manure. Ammonium 
citrate gives thus no safe distinction bolwoon 
assimilable and non-assirailablo phosphates, 
though it affords a useful approximate moans of 
determining “ rovortcd ” phosphato in super- 
phosphate. 

As a mcasuro of ready availability in basic 
slag, a 2% solution of citric acid Jma now 
superseded ammonium cithito, 

SruoiAi, Mnrjionn oir Anaia'iwh, 

The enormous quantity of forlllfscra and oJ 
their components bought and* sold upon the 
results of analysis linn led to great, at tent Ion 
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being paid to the question of accurate and speedy 
analytical methods. To enter into a discussion 
of all the methods which have been suggested, 
or even of those which have been “ officially ” 
recognised by the associations of agricultural 
analysts or manufacturers in different coxrntries. 
is here impossible. 

In the analysis of fertilisers, the object is 
sometimes merely the determination of a 
definite fact, such as the percentage of total 
nitrogen or the percentage of total phosphoric 
acid. In such cases there are diverse methods 
available. Sometimes, however, the analysis is 
needed for such a purpose as the determinations 
of *“ soluble " phosphoric acid. Here much 
depends upon the interpretation of the word 
“ soluble.'' since solubility depends not merely 
on the nature of the solvent, but upon its pro- 
portion to that of the material acted upon and 
the mode and duration of its application. It is 
therefore necessary to define “ solubility ” before 
determining it. Unfortunately, different inter- 
pretations of solubility have been in vogue in 
different countries, causing occasional confusion 
in international trade, but efforts to arrive at 
international agreement have been attended 
with some, though only a partial, measure of 
success. 

Analysis of Raw Mixekai, Phosfuates. 

Determination of Phosphoric Acid. — The 
phosphoric acid in mineral phosphates may be 
accurately determined either by the use of 
molvbdie acid or by what is sometimes called 
the citric-oxalie-magnesium method, without 
the intervention of molybdic acid. 

Thevo are several modifications of the molyb- 
date method which give fairly aoeurnto and 
therefore concordant results in tho hands of 
careful workers. Their one common dis- 
advantage is that the quantity of snmplo 
represented in the portion of solution finally 
worked upon is necessarily smallor than in tho 
alternative procedure, and consoquontly any 
errors duo to innoouraoy of calibration of flasks 
or pipottes or to lack of exactness in using thorn, 
nro correspondingly multiplied; and tho some 
observation obviously attnohos to errors inci- 
dental to the washing of prooipitntos, the 
efficiency of filtors and the operations of 
weighing. There is cogent, reason for supposing 
that many disagreements sometimes attributed 
to tho use of alternative methods me due to 
insufficient appreciation of some id' these mnuees 
of error, or to (tie nen-ohservaneo ul tho pie- 
cautions neoeesury to avoid them, \\ lieu, as is 
often the ease. as lit liens (hi) g, ul VitW phosphide 
is used In the determination, a slop mmiftrain 
ol'inagnealiiiu pvruphoephaie{tho lurm in which 
the pimaphide Is weighed) is oi|idvslont to 
approslmnloly 0-7% el Irlosloium phosphate— 
a grave emiali lend inn in the ease ol large cargoes, 
the ] iileii ol' which is exactly adjusted to the 
reunite of s ns lysis, even In tlm senond place of 
decimals, „ , , , , 

A reliable modlfleation of the molybdate 
method as applied to tlm analysis of raw mineral 
phosphides which has been in use for many 
years Is I list of (1, JOrgensen, who has delid 
tmieli (lino and attention to I In* It. 
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Jorgensen’s method ■was originally published 
m Denmark, but an account of it, communicated 
by himself, was published m tbe Analyst, 1909, 
34, 392, and it is now generally regarded as of 
standard accuracy It is as follows — 

Method of Jorgensen — 5 g of the mineral 
phosphate are dissolved in 20 ml of nitric acid 
ra a 260 ml flask After gentle boiling for 
16 minutes, the contents of the flask are cooled, 
made up to 250 ml , and filtered To 50 ml 
of the filtrate (=1 g of the phosphate) in a 
beaker flask, 165 ml of the molybdic solution 
ate added, and the flask and its contents placed 
in a water bath at a temperature of 60° for 
10 minutes, with occasional stimng After 
cooling and standing the supernatant liquid is 
poured through a filter and the precipitate is 
washed 10 times by decantation with the acid 
ammonium nitrate solution, about 20 ml being 
used for each washing The filtrate should be 
tested with more molybdic solution to see that 
the precipitation is complete The washed 
precipitate r?* dissolved m 100 ml of 2J% 
ammonia solution, and filtered if necessary, i 
through the filter which served for its separation, 
the filter being washed 8 times with ammonia 
solution, until the final volume is about 180 ml 
The beaker flask is covered with a clock glass, 
the contents brought just to boiling point, and 
30-35 ml of the magnesia mixture added drop 
by drop from a burette, the whole being well 
stirred and allowed to cool with frequent stirring 
as long as it remains warm If the precipitate is 
not compact and crystalline, the stimng should 
be continued longer After standing for at least 
4 hours, tbo precipitate is filtered off, using a 
platinum (Gooch) crucible packed with spongy 
platinum (or, presumably, ignited asbestos) and 
washed with the 2$% ammonia solution until 
free from chlorides, and once with alcohol It 
is then dried, heated (at first gently), and then 
ignited strongly, cooled and weighed as 
Mg.PjO, 

Ihe solutions used by Jorgensen are as 
follows — 

JfofyWic Solution — 100 g of ammonium 
molybdate are dissolved in 280 ml of ammonia 
of sp gr 0 97, and 300 ml of this solution poured 
with vigorous shaking into 700 ml of mtnc 
ncid of sp gr 121, the mixture heing allowed 
to stand for 24 hours 

Wash Fluid for Molybdic Precipitate —40 g 
of ammonium nitrate and 10 g of nitric acid 
per litre The author prepares this by mixing 
90 ml of mtnc acid of sp gr 14 with about 
1,500 ml of water, adding 80 ml of ammonia 
of sp gr 0 91 and making up to 2 hires 

Magnesia Mixture ■ — 50 g of pure crystallised 
magnesium chlonde and 150 g of pure am 
nionium chloride, dissolved and made up to 
1 litre. 

11 ash Fluid for Ammonium Magnesium Frt 
eipitate — Ammonia solution containing 2j% 
N H i (This may bo made by diluting 100 part* 
of ammonia of sp gr 0 91 with water to 1 litre ) 
St. Gobain (Sanfourche) Method. — 
Comparatively recently, however, another form 
of the molj bdatc method has assumed import 
aneo owing to its having been adopted, as 
an alternative to Jfirgensen’s method, at a 


conference of superphosphate manufacturers at 
Hamburg in 1934, and as this process is now 
much in use on the Continent and 13 sometimes 
imposed as an obligatory condition in “ arbitra 
tion »’ analyses, details must here be recorded 
1 5 g of the finely ground mineral phosphate 
is treated with 20 ml of mtnc acid (sp gr I 38) 
and the solution evaporated to dryness on a 
sand hath at 1I5-120°C The residue 'is taken 
up in 15 ml of mtnc acid, diluted with 200 ml 
of water and boiled for 2 minutes, allowed to 
cool and diluted to a volume of 500 ml The 
solution is filtered through a dry filter and 50 ml 
(—0 15 g of the phosphate) are placed in a 
500 ml Erlenmeyer flask and diluted with 
water to a volume of 100 ml 30 ml of mtnc 
acid are added, followed by 20 ml of ammonia 
(sp gr 0 924) and brought to a boil The flask 
is removed from the flame and immediately 
there is added, drop by drop, from a pipette or 
stoppered funnel, 15 ml of a solution of pure 
ammonium molybdate (160 g per hire), avoid 
mg dropping this down the sides of the flask 
At the same time the flask is continuously 
rotated so as to obtain a precipitate free from 
occluded molybdic acid The whole is then 
shaken for 1 minute and allowed to stand for 
20 minutes, after which there are two alternative 
modes of procedure — gravimetno or volumetric 
Gravimetric Method — The liquid is decanted 
through a tared Gooch crucible and the precipi 
tate washed 4 times by decantation with a wash 
solution having a temperature of 70-80°C and 
consisting of a mixture of 865 ml distilled water, 
85 ml nitric acid and 60 ml of ammonia (sp gr 
0924) The whole of the precipitate is trans 
ferred to the crucible, removing any portions 
adherent to the sides with a rubber tipped glass 
rod The filter is washed 4 or 5 times with the 
wash solution, until the filtrate gives no colour 
with potassium ferrocyamde The precipitate 
is drained completely by the pump, dried in an 
oven, covered and placed in an electric muffle, 
the temperature of which is raised gradually to 
500-650°C , which temperature is maintained 
for an hour, when the precipitate ehould be of a 
uniform blue black colour After complete 
cooling in a desiccator it is weighed The weight 
of precipitate multiplied by 0 03946=* P t 0 5 
Volumetric Method — The phospho molyb 
die precipitate obtained as hereinbefore 
described is washed by decantation twice (cold) 
with the wash solution already mentioned, the 
decanted liquid being passed though a filter of 
hardened paper of a diameter of 125 mm , on to 
which, by aid of the same solution, the precipi 
tate is finally collected After complete draining 
the precipitate is washed twice on the filter with 
distilled water which has been used to rinse tbe 
flask, and then further 6 times with distilled 
water, taking care to drain completely after each 
washing The final washing must be freo from 
acidity to the extent that after the addition of a 
drop of phenolphthakin it should be reddened 
by the addition of a single dropof A’/IO NaOH. 

The filter and precipitate are then replaced in 
the flask, nith the addition of 50 ml of JV/2 
sodium hj droxide solution, the whole being well 
stirred and the filter squeezed out against the 
sides of the flask by means of a glass rod, where 
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it is momentarily allowed to remain. There are 
then added 12-5 mL of a previously neutralised 
40% formaldehyde solution containing 0-015 g. 
of phenolphthalein per 100 ml (or 17-5~ml. if the 
sample contains more than 70% phosphate). 
The filter paper is re-plunged in the liquid, well 
stirred and again brought to the side of the 
flask and pressed out. Nj2 hydrochloric acid 
solution is added until the red phenolphthalein 
colour disappears, when the filter paper is again 
i mm ersed, stirred, brought to the side and 
pressed out, the addition of acid being con- 
tinued until the colour again disappears. When 
the filter is again immersed there should be no 
return of the red colour, otherwise the addition 
of acid is continued as before. At complete 
neutralisation, if Y is the volume of hydro- 
chloric acid added (50 ml.— Y ml.) x 0-001362 
= weight of P 2 O s . 

Either modification of this St. Gobain (San- 
fourche) process has been found in the hands of 
the present writer to give results closely agreeing 
with those obtained by Jorgensen’s method, 
provided that the analysis process is carried 
out with meticulous care. But it must be 
remembered that, as the weight of sample in the 
portion of solution operated on is only 0-15 g., 
any experimental error is necessarily multiplied 
61 times more than is any error incidental to 
Jorgensen's method in which the quantity of 
phosphate operated upon is 1 g. 

Citric-Oxalic-Magnesium Method. — The 
phosphoric acid (and incidentally the calcium) 
may be correctly determined in the following 
way. 2 g. of the mineral phosphate are treated 
with 25 ml. of strong hydrochloric acid in a 
beaker covered with a clock-glass to avoid loss 
by spraying. After a few minutes’ warming, 
the dock-glass is washed back into the beaker 
and removed, the beaker being placed in a water- 
bath and the contents evaporated to dryness. 
This results in the elimination from solution of 
not only silica, but of fluorine compounds, the 
removal of which is essential to the accuracy of 
the process. Were evaporation to dryness with 
a small quantity of hydrochloric acid is in- 
sufficient to ensure this removal. It is necessary 
to use at least the large quantity of acid specified 
(25 ml.), so that its evaporation may extend over 
several hours. (The non-observance of this pre- 
caution is a fruitful source of error, resulting in 
the subsequent formation of magnesium fiuosili- 
cate and consequent over-estimation of phos- 
phoric acid). The dry residue is taken up with 
5 or 10 ml. of hvdrocMoric acid and about 20 ml. 
of water, and warmed. The silica, together with 
pyrites or other insoluble matters, is filtered off 
and thoroughly washed. To the filtrate and 
washings (measuring about 150 nil.), 4 g. of 
powdered citric acid are added and 3-4 g. 
of powdered ammonium oxalate. The solution 
is heated nearly to boiling, and rendered just 
alkaline with dilute ammonia (sp.gr. about 
0-970) and excess of acetic acid is immediately 
added and the liquid is boiled for a few moments. 
The calcium oxalate is immediately filtered off 
and washed several times with boiling water, 
dried, and ignited over a yellow Argand flame, 
and weighed as CaCOj. The precipitate con- 
tains ah the calcium. It may contain very 


minute quantities of ferric oxide, aluminium 
oxide or manganese oxide, and a minute quan- 
tity of phosphoric acid. On this account the 
precipitate, after being weighed, is dissolved in 
dilute hydrochloric acid, the solution being boiled 
and treated with a slight excess of recently 
diluted ammonia. The small precipitate which 
forms is filtered through a small filter, washed 
and redissolved in a little dilute acid, the solution 
being boiled and again treated with a slight ex- 
cess of ammonia. The precipitate is washed, 
ignited and weighed. If this' small precipitate 
weighs only 5 or 6 milligrams or less (as is usually 
the case in the hands of a practised worker), it 
may be assumed that the precipitate contains 
P 2 O s equivalent to half its own weight of 
Mg 2 P 2 0 ? , this assumption being based on the 
analysis of a large number of such precipitates. 
But if, owing to unskilful work or to any 
peculiarity in the mineral under investigation, 
the quantity is greater, the little precipitate may 
be redissolved in hydrochloric acid, with the 
addition of about 0-1 g. of citric acid, and its 
solution added to the original filtrate from the 
calcium oxalate precipitate. 

This filtrate is made strongly ammoniacal 
and the phosphoric acid precipitated by the 
gradual addition of magnesium mixture, a large 
excess being finally added. The gradual addi- 
tion and vigorous stirring are both necessary 
to ensure that the precipitate comes down in a 
compact crystalline form. The whole bulk at 
this stage will be about 350 ml. After 2-3 
horns, during which the fiqnid is frequently 
stirred — or after standing, if more convenient, 
overnight — the greater part of the liquid is 
decanted off through a close filter, leaving about 
40 ml. of it in the beaker with the precipitate. 
The filter is washed with dilute hydrochloric 
acid, the washings being used to redissolve 
the precipitate in the beaker. After complete 
re-solution, the contents of the beaker are 
rendered ammoniacal by slowly dropping in 
dilute ammonia with vigorous stirring until the 
precipitate assumes as before a dense crystalline 
form. Excess of ammonia solution (sp.gr. 0-8S0), 
equal to about one-fifth or one-sixth of the bulk 
of the liquid, is added and the whole allowed to 
stand with occasional vigorous stirring for at 
least 1 hour. The precipitate is then filtered, 
washed well with ammonia (sp.gr. 0-970), dried, 
i united and weighed as Mg.P-Cfr. 

“The re-solution and second precipitation of 
the ammonium magnesium phosphate is an 
essential feature of the process, since in the first 
precipitation small quantities of magnesium 
oxalate are usually formed. The non-observance 
of this precaution has been a frequent source of 
“ hich ” results. 

The presence of ammonium citrate and am- 
monium oxalate results in the retention in solu- 
tion of a minute quantity of P«O s . In earner 
davs it was usual to precipitate the ammonium 
maunesium phosphate, in a fiocculcnt form, 
the^uddcn addition of ammonia and magnesium 
mixture, and under these circumstances (.'ff, for 
example, the original directions of Fresemus) a 
verv substantial' correction was necessary for 
solubilitv of the precipitate. Crystalline precipi- 
tation, however, reduces this to a minimum, acu 
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the accurate determination bj molybdic acid of 
the phosphonc acid in the evaporated and 
ignited filtrates obtained in a large number of 
analyses of numerous grades and varieties of 
phosphate indicates that, if the process be earned 
out as here described, the quantity of P 2 O s 
which escapes precipitation corresponds to an 
average of approximately 0 0025 g of Mg,P 2 0 7 . 
which quantity must be added to the weight of 
Mg, Pj0 7 obtained, together with half theweight 
of the small ammonia precipitate (obtained from 
the calcium oxalate precipitate), unless this was 
redissolved into the mam filtrate (see ahoie) 

If the precautions herein set forth are ob 
served, the results will be identical with those 
obtainable by the accurate working of the 
molybdate method (Jorgensen) 

Direct Magnesium Precipitation with- 
out Removal of Calcium — This method con 
sists in adding to the acid solution of the phosphate 
a large excess of citric acid, sufficient to prevent 
calcium precipitation, and of ammonia, and in 
the direct precipitation of the phosphonc acid 
by magnesium mixture, without re solution 
This method (with certain precautions) answers 
well for basic slag (see later), and m some hands 
appears to give good results with mineral phos 
phates It does not, however, answer equally 
well for all phosphates, and the result, even 
when accurate, owes its success to a balance of 
positive and negative errors, since the precipi 
tate finally weighed does not consist of pure 
Mg,P 3 0, as is assumed to be the case For 
rough work, as in phosphate prospecting when 
an error of 0 5% or so is of small moment, it is 
excellent, being expeditious and involving a 
minimum of trouble It is essential that silica 
should be eliminated by preliminary evaporation 
of the acid solution to dryness as in the preceding 
section 

Detebmination of Tebric Oxide and 
Alumina in Mineral Phostoates 
The solvent used should be hydrochloric acid 
rather than aqua regia The latter is sometimes 
recommended For many phosphates it is 
perhaps immaterial which solvent is used But 
some phosphates (sueh as American nver pebble 
phosphates) contain much pyrites If aqua 
rtgia is used, this is dissolved and included as 
fomc oxide — which is misleading, seeing that 
pyntes is not attacked bj the sulphuric acid 
used in superphosphate making, and is conse 
quently non injurious It should, therefore, be 
eliminated with the silica, as is the case if hydro 
chlonc acid be used as the soli ent 
There ore two methods in use which accu 
rately determine feme oxide and alumina 
Acetate Method — 2 g of phosphate are 
treated with strong hydrochloric acid The 
solution is evaporate*! to dryness and the residue 
redissolved in acid and water and filtered from 
the sihcious residue The filtrate is oxidised by 
addition of bromine water untd orange coloured, 
nearly neutralised with ammonia, cooled and 
precipitated still cold with a liberal excess of 
ammonium acetate solution containing an excess 
of acetic acid After standing some hours, the 
precipitate is filtered off and washed with hot 


The bulky precipitate contains all the ferric 
oxide and alumina (as phosphates), together with 
a varying quantity of calcium phosphate It is 
dried, ignited and weighed It is then dissolved 
in a very small quantity of hydrochloric acid and 
about 1 g of citnc acid and 0 5 g of ammonium 
oxalate added, alight excess of ammonia, and 
then excess of acetic acid After simmering 
gently for i hour the calcium oxalate is filtered 
off, ignited and weighed as carbonate The 
phosphonc acid is then determined, exactly as 
in the citnc oxalic magnesium method of phos 
phate analysis already desenbed — except that 
the operation is conducted all through in solu 
tions of very small bulk The sum of the lime 
and phosphonc acid deducted from the weight of 
the ammonium acetate precipitate will give the 
feme oxide and alumina The iron Is deter 
mined by precipitating with ammonium sulphide 
the total filtrates and washings from the precipi 
tation and reprecipitation of the ammonium 
magnesium phosphate If allowed to stand for 
an hour or two at a temperature of about 80°C , 
the precipitate settles well, and may be rapidly 
filtered, washed with hot water to which a little 
ammonia and ammonium sulphide are added, 
ignited strongly and weighed as Fe.Oj The 
alumina is obtained by difference The method 
is tedious, but accurate 

Modified Glaser Method — The following 
method, modified from that of Glaser (which 
originally, but incorrectly, assumed a con 
stancy of composition of the precipitate of mixed 
phosphates) is somewhat shorter, and gives 
results identical with those obtained by the 
method just described 

4 g of the phosphate are treated with about 
25 ml of strong hydrochloric acid and eva 
porated to dryness The residue is taken up 
with 10 ml of strong sulphuric acid, about an 
equal bulk of water being cautiously added 
After digestion m a water bath for about J hour, 
the cake of calcium sulphate is well broken up 
by stirring with a glass rod, and the whole con 
tents of the beaker are washed into a 200 mL 
Bask with ordinary strong alcohol (methylated 
spirit), and allowed to remain for an hour with 
frequent shaking The contents are then made 
up (with spirit) to 200 ml , again liell shaken and 
filtered rapidly Of the clear filtrate, 100 ml 
(=2 g of the sample) are evaporated in a glass 
dt porcelain basin until the residue fumes and 
begins to '* char,” when it is washed with a 
bttle hot water into a beaker and mixed with 
sufficient bromine water to make it strongly 
orange coloured After standing for J hour, 
the liquid is heated nearly to boiling and precipi 
tated with slight excess of ammonia, kept in a 
water bath for $ hour, and made slightly acid 
with acetic acid The precipitate (which, under 
these conditions, contains only phosphonc acid, 
feme oxide and alumina) is filtered off, washed 
with a slightly ammomacal 20% solution of am 
moruum nitrate, dned, ignited and weighed 
It 13 then dissolved in a little hydrochloric acid, 
1 g of citnc acid is added to the solution, which w 
then made ammomacal, and the phosphonc acid 
determined by precipitation with magnesium 
mixture The total bulk of fluid should be 
kept within about 100 ml In this case, the 



FER TILISER S OR MANURES 


SO 

The official method prescribed (1932) m Eng 
land under the Fertilisers and reeding Stuffs 
Act, however, which should be adhered to in 
disputed cases, is the molybdate method. 

The official prescription of the Ministry of 
Agriculture (1932) for determination of total 
phosphate in fertilisers is as follows — 

“ (A) A weight portion of the sample shall be 
heated with concentrated sulphuric acid until 
all organic matter is destroyed and the phos 
phone acid is completely i n solution After 
dilution the solution shall be filtered, the in 
soluble matter throughly washed and the 
filtrate made up to a definite bulk. The phos 
phone acid shall be determined by the method 
described in paragraph (it) (e) m an aliquot 
part of the solution which shall first be nearly 
neutralised and then acidified with mtnc acid 
The insoluble matter is to be washed from the 
filter, re-extracted with acid and any phosphoric 
acid present m the solution is added to the 
quantity 

“ (B) A Ilf mat n't i lelhod — A weighed portion 
of the sample shall bo incinerated or otherwise 
treated to destroy organic matter, if present 
When direct incineration is employed, the 
weighed portion of the sample shall be treated, 
before being heated, with A nitrate or other 
oxidising material to prevent loss of phosphoric 
acid during heating or subsequent treatment 
The residue (or the weighed portion taken, if no 
organic matter is present) shall be dissolved in 
hydrochloric acid, with the addition, if necessary, 
of mtnc acid, and the solution shall be evaporated 
to dryness or, if much calcium is present, to * 
syrupy consistency to fix silica The residue 
shall be boiled with mtnc acid and. when much 
iron is present, with hydrochlonc acid also 
After dilution the solution shall be filtered, the 
insoluble matter thoroughly washed and the 
filtrate made up to a definite bulk The phos 
phone acid 6 hall be determined in an aliquot part 
of the solution by the method presenbed 10 
paragraph (iv) (e) The insoluble matter is to 
be washed from the filter, re extracted with acid 
and any phosphonc acid present in the solution 
added to the mam quantity 
“ Molybdate Method — (iv) (e) To the solution, 
which should contain not more than 0-4 g of 
phosphonc acid (P,0,) and preferably from 
O 1 to 0 3 g , (obtained by an y of the methods 
desenbed in preceding paragraphs) 100-150 ml 
of molybdic acid solution prepared as desenbed 
below, or an excess of snch solution, i e., more 
than is sufficient to precipitate all the phos 
phone acid present in the solution, shall he 
added and the vessel containing the solution 
shall be placed m a water bath maintained at, 
70°C for 15 minutes or until the solution has 
reached 70°C It shall then be taken out of the 
bath and allowed to cool and the solution shall 
be filtered the phospho- molybdate precipitate 
being washed several times by decantation and 
finally on the paper with 1% mtnc acid solution. 
The filtrate and washings shall be mixed with 
more molrbdic acid solution and allowed to 
stand for some hours in a warm place in order 
to ascertain that the whole of the phosphoric 
acid has been precipitated The phospho- 
molybdate precipitate shall be di -solved in cold 


2% ammonia solution, prepared as described 
below, and abont 100 ml of the ammonia solu 
tion shall be u«ed for the solution and washings 
The solution shall be rai-ed to the boiling point, 
the beaker removed from the burner and 15-20 
mL of magnesia mixture, prepared as desenbed 
below, or an excess of such mixture, a e. more 
than sufficient to precipitate all the phosphonc 
acid present, shall then be added drop by drop, 
with constant stirring The stirring shall be 
continued at intervals so long as the liquid 
remains very warm After standing at least 
4 hrrara with occasional stimng, the precip'A&te 
shall be filtered off, washed with 2% ammonia 
solution until free from chloride, dned and 
finally weighed as magnesium pyrophosphate 
The filtrate and washings should not exceed 
200 ml , and dre to be tested by the addition of 
more magnesia mixture ” 

Molybdic Solution — “ The molybdic acid solu 
Unn shA.ll ’prepared *s SaBssm — 

“ 125 g of molybdic acid and 100 mL of 
water shall be placed in a litre flask and the 
molybdic acid shall be dissolved by the 
addition, while the flask, is shaken, of 300 ml 
of 8% ammonia solution, prepared as described 
below 400 g of ammonium nitrate shall be 
added, the solution shall be made up to the 
mark with water and the whole added to 1 litre 
of mtnc acid (sp gr 1 19) The solution shall 
be maintained at about 35°C for 24 hours and 
then filtered " 

Magnesia Mixture - — “ The magnesia mixture 
shall be prepared as follows — 

* 110 g of crystallised magnesium chloride 
.and 140 g Of ammonium chlonde shall be dis 
solved in 1,300 ml of water This solution 
shall be mixed with 700 mL of 8% ammonia 
solution and the whole shall be allowed to 
stand for not less than 3 days and shall then 
be filtered," 

Ammoaiu Solutions — " The 8% ammonia 
solution shall be prepared as follows - — 

** One volume of ammonia solution of sp gr 
0 8S0 shall be mixed with three volumes of 
water This solution shall then be adjusted 
by the addition thereto of more strong am 
moma solution or water as required until the 
specific gravity of the solution is 0 967 
‘ The 2% ammonia solution shall be prepared 
as follows - — 

' One volume of 8 per cent ammonia 
solution shall be mixed with three volumes of 
water 

Reverted Phosphate — The ' reverted " 
phosphate in superphosphate may be estimated 
as follows 2 g of the sample are stirred up in » 
beaker with successive quantities of 50 ml. of 
water, each portion, after settling, being de- 
canted off through a filter The water soluble 
phosphate having been thus approximately 
removed, the matter on the filter is washed back 
into the beaker with a little water, and the un 
dissolved matter is digested overnight at room 
temperature with 100 ml of a strong solution of 
ammonium citrate containing excess of am 
moma, then wanned to 40°C for an hour, with 
frequent shaking, and the insoluble matter 
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N B — This method is largely m use on the 
Continent, without observance, however, of the 
initial precaution of evaporating the acid solu 
tion to dryness to remove soluble sibca If the 
slag be merely digested with acid and the liquid 
filtered and precipitated without having been 
evaporated to dryness, tho results may be 
seriously in excess of the truth. This has been 
pointed out by several investigators, but even 
now does not seem to be well recognised 
Tho phosphate soluble in 2% solution of 
citric acid is determined according to the 
method prescribed in the official directions of 
the Ministry of Agriculture, which is the method 
originally suggested by P Wagner and generally 
known by his name 

“ Citnc Soluble Phosphoric Acid ( that is, Pkos 
phone Acid Soluble tn the Prescribed 2% Citric 
Acid Solution ) — 5 g of tho sample shall bo trans 
ferred to a stoppered bottle of about 1 litre 
capacity 10 g of puro crystallised citric acid 
shall bo dissolved in water, the volume shall be 
made up to GOO ml , and the solution shall be 
added to tho weighed portion of the sample in the 
bottle To lessen the possibility of caking, the 
portion of the sample in the bottle may be 
moistened with 5 ml of alcohol or methylated 
spirit before the citric acid solution is added, 
and in that case the volume of the citno acid 
solution shall bo 495 ml instead of 600 ml 
The bottle shall be at once fitted into a mecham 
cal shaking apparatus, and shall be continuously 
agitated during 30 minutes The solution shall 
then be filtered through a large ‘ folded ’ filter, 
tho whole of the liquid being poured on the paper 
at once If not clear, the filtrate shall be again 
poured through the same paper 
‘ 60 ml of the filtrate shall bo taken and 
the phosphoric acid shall bo determined by the 
molybdate method prescribed ” 

It may bo added that 100 ml of tho solution 
(“1 g of saraplo) can be used equally well for 
the molybdate determination 
Tho temperaturo at which the agitation with 
citric acid solution should bo earned out is not 
mentioned in the current regulation of tho 
Ministry of Agriculture, but is prescribed In 
Germany and also in America as 17 6°C In the 
expcnenco of tho present writer it is desirablo 
that the temperature of the solution and of tho 
surrounding air should not bo less than this 
The phosphate m the citric acid solution of 
tho slag is frequently estimated by direct pre 
cipitation with magnesium mixture after adding 
a large excess of ammonium citrate. Tho results, 
however, ore inaccurate (being too high) unless 
tho citric acid solution of tho slag is first evapo 
rated to dryness with hydrochloric acid to 
eliminate soluble silica If this precaution be 
taken, the results compare well with those of the 
molybdate method — which, on the whole, is 
quicker, and therefore preferable 

Analysis or Potash Salts 
Some commercial potash salts are of complex 
constitution, others are approximately simple 
salts The methods of determining such con 
•tituents as calcium, magnesium, chlorine, etc , 
do not differ from those ordinarily employed in 
Inorganic analysis, but the essential detenmna* 
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tion, namely, that of potash, may be described 
Broadly speaking, two methods are in use, 
namely, the platinum chloride method and 
the perchloric acid method The perchloric 
acid method was formerly but little used in 
this country, but owing to the great increase 
in the cost of platinum chloride has now come 
into wide use, and, while ranking with the 
platinum chloride method as “ official ” in 
England, it haa in practice largely superseded it 

The following are the details of the methods 
for determining potash in potash salts and in 
fertilisers officially prescribed m England 

Salts of Potash Free from Sulphates 

A weighed portion of the sample equivalent in 
potash content to 1 6-2 0 g of potash (K a O) 
is dissolved in water, filtered if necessary and 
made up to 600 ml 

Perchlorate Method, — 50 ml of the 
solution are placed in a small glass or porcelain 
basin and mixed with about 7 ml of a 20% 
solution of perchloric acid (sp gr 1 126) free 
from chloric acid and evaporated on a hot plate 
or sand bath until white fumes are copiously 
evolved The precipitate 13 redissolved m hot 
water, a few drops of perchloric afcid solution 
added and the whole again concentrated to the 
fuming stage After cooling the residue is 
thoroughly stirred with 20 ml of alcohol of 
sp gr 0 800-0 812 (95-96% of alcohol by 
volume) The precipitate is allowed to settle 
and the clear liquid poured through a weighed 
or counterpoised filter paper (or through a 
Gooch crucible), the precipitate being drained as 
completely as possible The precipitate is 
washed by decantation with alcohol previously 
saturated with potassium perchlorate at the 
temperature at which it is used, the washings 
being poured through the paper (or Gooch 
crucible) on which the precipitate is finally 
collected, dried at 100°C and weighed The 
precipitate consists of KCI0 4 and is calculated 
to its equivalent K a O 

Platinum-Chloride Method — 60 ml of the 
solution are acidified with hydrochloric acid and 
10 ml (or an excess) added of solution of 
platinum chlonde containing 10 g of platinum 
per 100 ml After evaporation to a syrupy 
consistency in a water bath, the contents of the 
basin are allowed to cool and washed by 
decantation with alcohol of sp gr 0 864 until 
the washings aro colourless Tho washings are 
passed through ft weighed or counterpoised 
filter paper on which the precipitate is finally 
collected, washed with alcohol, dried at 100°C 
and weighed as K t PtCI f and calculated to the 
equivalent K a O . 

Salts of Potash Containing Sulphates 

A weighed portion of tho sample equivalent 
to 1 6-2 0 g of potash (K a O) is boiled with 
300 ml of water to which has been added 20 ml 
of hydrochloric acid Banum chlonde is 
continuously added, drop by drop, to the boiling 
solution until the sulphuric acid is completely 
precipitated The bquid is cooled, made up to 
600 ml and filtered 60 ml of tho filtrate nro then 
evaporated to dryness, moistened with hydro 
chloric acid, again evaporated to dryness, taken 
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up with dilute hydrochloric acid, filtered if 
necessary, and the potash determined by the 
perchlorate method or by the platinum-chloride 
method as already described. 

Cobaltinitrite Method. — Alternatively, a 
■weighed portion of the sample containinc'l-S- 
fi-0 c. of potash (K.O) is boiled with 300 mL of 
water made up to 500 ml and filtered, and to 
50 ml. of the solution are added 30 ml. of a solu- 
tion of cobaltinitrite (made by dissolving 50 g. 
of cobalt nitrate and 300 g. of sodium nitrite in 
water, acidifying with 25 ml. of glacial acetic 
acid and diluting to 1 litre — the solution be inn 
filtered after standing 24 hours and kepi in the 
dark). The mixture is stirred, allowed to stand 
for not less than 2 hoars, filtered and the preci- 
pitate, consisting of potassium cobaltinitrite, 
washed with water containing a little cobalti- 
nitrite solution. The precipitate is dissolved in 
hot dilute hydrochloric acid, evaporated to dry- 
ness in a small porcelain dish, redissolving in 
water, and the potash determined in the solution 
with perchloric acid as already described. 

Potash ir. Guar.o j cr.d ir. AT ired Fertilisers. 

The directions in the Regulations of the 
Ministry of Agriculture (1932) directed that 
10 g. of the sample shall be gently incinerated 
io char organic matter if present, and then 
heated for 10 minutes with 10 mL of concentrated 
hydrochloric acid and boiled with 300 mL of 
water and filtered. The liquid is raised to boiling 
point and powdered barium hydroxide is added 
until the liquid is slightly alkaline. It is then 
cooled, made up to 500 mL and filtered. Of the 
filtrate 250 mL are treated with ammonia and 
excess of ammonium carbonate and (while 
boiling) with a little powdered ammonium oxa- 
late, cooled, made up to 500 mL and filtered. 
(This method of precipitation with barium 
hydroxide has been found to involve some loss 
of potash — see later). 

Of the filtrate 100 ml. are evaporated to dry- 
ness, and the residue heated gently over a low 
Same until all ammonium salts are expelled, 
the temperature being kept below that of low 
redness. The residue is moistened with con- 
centrated hydrochloric acid, evaporated to 
dryness, taken up with dilute hydrochloric 
acid and filtered. The potash is then deter- 
mined by the perchlorate method bs already 
discribed. 

As an alternative (official) method the liquid 
obtained by boiling the gently incinerated ash 
from 10 g. of the sample with 10 ml. cone, 
hydrochloric acid and finally with 300 ml. water 
is filtered into a 4 litre flask and the residue 
washed- The liquid is made up to 500 ml. and 
50 mL are taken, boiled with a solution of sodium 
nitrite to expel any ammonium salts, and 
evaporated to dryness. The residue is redis- 
solved in water containing a little hydrochloric 
acid and sufficient sodium citrate added to pre- 
vent precipitation of phosphates. 30 mL of 
cobaltinitrite solution are added and the same 
procedure is adopted as in the already described 
cobaltinitrfte method for potash salts containing 
sulphates. 

Th?= alternative method gives correct results. 
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But the other method involving the use of barium 
hydroxide to remove phosphoric acid as well as 
sulphates, unfortunately involves a source ' of 
error that has been long overlooked although 
this method of procedure has for many years 
been regarded as an accepted matter of routine, 
and the method will probably be amended when 
revised regulations are issued. When the potash 
content is large there is an appreciable loss of 
potash by occlusion or adsorption by the precipi- 
tated barium phosphate. 

This loss may be obviated by using calcium 
oxide instead of barium hydroxide to remove the 
phosphoric acid. 

The following method is one somewhat im- 
proved by the writer from a method in official 
use in Holland, and is applicable to all mixed 
fertilisers containing potash salts : — 

10 g. of the sample are gently incinerated, 
placed in a 500 ml. flask and warmed with 10 ml. 
hydrochloric acid, gradually diluted with water 
to about 300 mL and boiled. 10 g. of pure lime 
(made by calcining pure CaC0 3 in a muffle) 
are made into a cream with water and poured 
into the flask which is gently boiled and heated 
in a water-bath for 4 hour with frequent shak in g. 
The flask is cooled and made up to 500 ml. 
The contents Ere filtered and 250 ml. are placed 
in another 500 ml. flask and made acid with 
hydrochloric acid, boiled and barium chloride 
added sufficient to precipitate all sulphuric acid. 
The liquid (without filtration) is then made 
alkaline with ammonia and the calcium and 
excess of barium removed in the usual way with 
ammonium carbonate and a little oxalate. After 
cooling and making up to the mark, the liquid is 
filtered and 100 ml. evaporated to dryness. 
The a mm onium salts are expelled in the usual 
way by the use of a very low gas flame. The 
potash is then determined by the perchlorate 
method as previously described in the official 
method. 

DEX ZBinXATIOX OF NiXEOGKS- IX 

Feethjsees. 

This is effected by the wet combustion method 
which bears the name of its inventor, Kjeldahl, 
although it has been variously modified. 

In absence of nitrates (which must first be 
ascertained) the method commonly in use and 
prescribed by the Minis try of Agriculture for use 
under the Fertilisers and Feeding Stuffs Act is 
the modification known as the Kjeldshl-Amold- 
Gunning method, being as follows : — 

A weighed portion of the sample is placed in a 
Kjeldahl digestion flask with 25 ml. (or more if 
necessary) of concentrated sulphuric acid and a 
globule of mercury or a small crystal of copper 
sulphate. The contents are gently heated until 
frothing ceases, when 10 g. of potassium or 
sodium" sulphate (anhydrous) are added and the 
flask further heated until the colour of the clear 
liquid ceases to diminish. The digestion is then 
further continued for at least another hour. 
(With some materials such as hoof and horn yet 
another hour’s digestion is desirable.) The con- 
tents of the flask are washed into a distillation 
flask and the ammonia determined by distil- 
lation into standard acid after liberation by 
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sodium hydrate solution When mercury has 
been used, a small quantity of sodium sulphide 
is added — after the introduction of the sodium 
hydrate solution — to decompose anv mercur 
ammonium compounds formed during the 
digestion 

When nitrates are present in conjunction with 
organic and ammomacal nitrogen the method 
prescribed is the Kjeldahl Arnold Gunning 
Jodlbaur method 

A weighed portion of the sample is treated m a 
Kjeldahl digestion flash with 30 ml of con 
centrated sulphuric acid containing 1 g of 
salicylic acid or 1 g of phenol, the flash being 
shaken so as to mix its contents without delay 
(It is preferable to hold the flash immersed in ice 
water ) The shaking is continued at intervals 
during 10 minutes, the flash being kept cold and 
then 10 g of potassium or sodium sulphate 
(anhydrous) are added together with either 5 g 
of crystalline sodium thiosulphate or 2 g of 
zinc dust The operation is then conducted 
as already described for samples containing no 
nitrate 

The rationale of the process is that the mtnc 
acid when liberated by the sulphuric acid forms a 
mtro compound with the phenol or salicylic acid 
which is subsequently reduced and finally yields 
ammonia 

The method works accurately except when the 
fertiliser contains a substantial quantity of 
potassium or sodium chlonde In the case of a 
fertiliser containing superphosphate organic 
nitrogen, ammonium sulphato and potassium or 
sodium nitrate and commercial sulphate of 
potash, the results are accurate But if the 
fertiliser contains a substantial admixture of 
potassium chlonde or of a low grade potash 
Balt containing much Bodium chloride, the 
method unfortunately entails some loss of 
nitrogen by the evolution of NO Cl, and the 
figure obtained for nitrogen in such cases may 
bo substantially too low 
In such cases the writer has found that correct 
results are obtainable by combining the Devarda 
method (which is descnbcd later in Us appli 
cation to the analysis of nitrates) with the 
Kjeldahl method in one operation, as follows 
{ate Dyer and Hamencc, Analyst, 1938, 63, 
860-870) — 

About 2 g of the sample and 3 g of finely 
powdered Devarda metal are placed in a 500 ml 
Kjeldahl digestion flask, and the sides of the 
flask washed down with 60 ml of water The 
flask is closed with a rubber stopper provided 
with (a) a tap funnel, (6) a delivery tube con 
nected with a U tube (with bulbs) containing 
10 ml of 10% sulphuric acid 6 ml of sodium 
hydroxide solution of 1 40 sp gr are added 
through the tap funnel The flask is allowed to 
stand for 1 hour and then heated to just short 
of the boiling point for a further hour 
At the end of this digestion the flask is cooled 
and 20 ml of eulphunc acid of 1 50 sp gr are 
added through the tap funnel in such a manner 
that the sides of the Kjeldahl flask are washed 
down by the acid The rubber stopper is 
removed and the contents of the U tube are 
washed out into the Kjeldahl flask 
25 ml of concentrated sulphuric acid are 
V 
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added to the flask and the flask heated until all 
the water has boiled off 10 g of sodium sul 
pbate are added and the flask heated until the 
colour of the clear liquid ceases to dimmish 
and for 2 hours thereafter The operation may 
he accelerated by the addition of a globule of 
mercury The ammonia is then distilled off as 
m the Kjeldahl method 

Special Modifications for Calcxum Cyanamide 
— In the case of calcium cyanamide (free from 
nitrate) the Kjeldahl Arnold Gunning method 
requires a slight modification If the calcium 
cyanamide is treated with strong sulphuric acid 
as m the case of other fertilisers, it is well 
established that there is a loss of nitrogen 
In dealing therefore, with this material the 
sulphuric acid (25 ml ) must be first diluted 
with an equal volume of w ater and the digestion 
(with a drop of mercury) continued as usual 
There is then no loss of nitrogen 
In the case of calcium cyanamide in which 
nitrate has been incorporated { see p 65) the 
ordinary Jodlbaur method is not available 
owing to the necessity for dilution of the sul 
phunc acid for getting the whole of the cyana 
mide nitrogen, while if the acid 13 diluted 
there is, on the other* hand, a loss of nitric 
nitrogen, as this cannot be " fixed " by the 
phenol or salicylic acid except m strong sul 
phunc acid 

It is found, however, that the combined 
Devarda Kjeldahl method (Dyer aadHamence), 
already described gives accurate results for the 
total nitrogen in this mixture of calcium cyana 
mide and nitrate 

Determination of Nitrogen in Sodium or 
Potassium Nitrate — This may be effected by 
the Devarda method or by the Ulsch method, 
which methods are presenbed as alternatives 
in the regulations of the Ministry of Agriculture 
(1932) The former is preferred by the writer 
It is best carried out as follows 6 g are dis 
solved in 500 ml of water and 100 ml {*=1 g 
of sample) are placed in a distillation flask with 
not less than 6 g of powdered Devarda metal 
diluted with about 300 ml of water An excess 
of concentrated sodium hydroxide solution is 
then added and the flask is immediately con 
nected with a distillation apparatus, allowed to 
stand for at least $ hour, slowlj heated and 
the resulting ammonia distilled off and collected 
in the usual way 

In the Ulsch method a measured quantity of a 
solution of the nitrate equivalent to I g i* 
placed in a J litre Erlenmayer flask with 10 g 
of reduced iron and 20 ml of sulphuric acid of 
sp gr 1 35 The flask is closed with a rubber 
stopper provided with a thistle headed funnel 
containing glass beads, and allowed to stand 
until effervescence ceases after which it is 
boiled for 6 minutes , and after removing the 
flask any liquid on the beads in the funnel is 
nnsed with water into the flask, the contents of 
which nre again boiled for a few minutes and 
the beads ogam washed with water The con 
tents of the flask are then mixed with excess of 
soda and the ammonia distilled off in the usual 
way 

A disadvantage of the Ulsch method is the 
very usual presence of an appreciable quantity 
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of nitrogen in reduced iron which is apt to be 
irregularly distributed so that even the usual 
precaution of a “ blank experiment ” may some- 
times fail to secure an accurate result. It 
is mainly owing to the difficulty often experi- 
enced of getting reduced iron containing a 
minimum of nitrogen that the writer has been 
led to prefer the Devarda process. 

General Observations on Nitrogen Determina- 
tion . — The quantity of material operated upon 
for the determination of nitrogen will vary 
according to its nature. In the case of materials 
rich in nitrogen, from 1 g. to 1-5 g. may be used. 
On the other hand, in the case of materials com- 
posed chiefly in organic matter, and containing 
only small quantities of nitrogen — like low 
quality dissolved bone compounds — as much as 
5 or 6 g. may be conveniently operated upon. 
It is usually convenient to make two simul- 
taneous experiments on different quantities of 
the material, such as 1 g. and 1-5 g., or 1-5 g. 
and 2 g. The larger the quantity of material 
that can be satisfactorily dealt- with, the less, 
obviously, is the multiplication of experimental 
error. Duplicate results, in careful hands, 
should differ by no more than a few units in the 
second place of decimals, when expressed as 
percentage of nitrogen in the material under 
examination. 

It is important that all the materials used in 
any of the methods described must be examined 
as to their freedom from nitrogen, by means of a 
control experiment carried out under similar 
conditions with the same quantities of the re- 
agents which are employed in the actual analysis, 
1 g. of pure sugar being substituted for the 
weighed portion of the sample. The quantity of 
standard acid neutralised in the control experi- 
ment — which should be small if the materials 
are good — must be deducted from the total 
quantity of acid found to have been neutralised 
in the distillation of the sample. The observance 
of this precaution is of vital importance, seeing 
that small quantities of nitrogen compounds are 
sometimes found even in sulphuric acid sold as 
pure for analysis; while traces of nitrates or 
nitrites may be present in sodium hydroxide. 

In the case of ammonium sulphate or other 
material containing nitrogen in the form of 
ammonium salts only (other than ammonium 
nitrate), the nitrogen may be determined by 
simple distillation with alkali. 

Lime. — In lime for agricultural use the regu- 
lations of the Ministry (1932) at present in force 
direct that the free lime (calcium oxide) shall be 
estimated as follows : — 

The sample is rapidly ground and passed 
through a sieve having apertures of 0-2 mm. 
square. 5 g. of the powdered sample thus pre- 
pared are placed in a litre bottle moistened with 
10 ml. of neutral alcohol (to lessen possibility of 
caking) ; 490 ml. of a 10% solution of cane sugar 
(neutral to phenol phthalein) are added, and the 
bottle agitated in a shaking apparatus for not 
less than 4 hours. The solution is then filtered 
and an aliquot part titrated with semi-normal 
hydrochloric acid, nsing phenol phthalein as 
indicator. 

This method does not take into account any 
lime present as carbonate (which should also be 


determined and stated separately) and also 
ignores that portion of the lime which, in lime 
burnt from silicious limestone, remains after 
burning in loose combination with silica and 
easily neutralises dilute acids. Such lime may be 
less rapidly available than free lime, but is not 
without agricultural value. 

General Observations as to Preparing 
Samples for Analysis. — In the case of all 
samples, whether of fertilisers or of raw materials 
for use in their manufacture, it is obviously im- 
portant to obtain a thoroughly representative 
portion for analysis. 

To this end it is usual, in the case of powdered 
fertilisers in dry or moderately dry condition, to 
pass the sample through a sieve, the perforations 
of which are about 1 mm. in diameter, pul- 
verising the portions at first retained on the 
sieve- — either in a mortar or, better, in a suitable 
mill — -until they pass through. Adventitious 
materials which cannot be conveniently crushed, 
such as fragments of metal sometimes found in 
basic slag, must be removed and weighed, and 
subsequently allowed for in calculating the 
results of the analysis. 

Some materials, like shoddy, wool waste, or 
hair, cannot be powdered, but as a rule they can 
be passed through a shredding mach in e ; or, if 
this is not possible, they must be finely cut up by 
hand. 

Some moist fertilisers also do not admit of 
being passed through a sieve, and in dealing 
with these the analyst must use his discretion 
as to the best mode of obtaining an average 
sample. . 

In the case of many moist matenals, especially 
fibrous materials like shoddy or wool waste, or 
guano, moisture is inevitably lost during the 
preparation of the sample. It is therefore neces- 
sary to determine the moisture separately in a 
larve average portion of the original material 
before proceeding to pulverise the remainder. 
The moisture must also be determined in the fine 
material as prepared for analysis, and the results 
of the analysis recalculated so as to represent 
the percentages present in the sample in its 
oririnal moist condition. 

Crvstalline or saline materials, like ammonium 
sulphate, potassium chloride, kainit or sodium 
nitrate, are best- prepared by mixing and rapidly 
grinding in a stoneware mortar, the portion 
reserved for analysis being especially finely 

^IeT the case of raw mineral phosphates, it is 
nsual to determine the moisture in a rough 
sample separately taken for this purpose, and 
to conduct the rest of the analysis on a .sepa- 
rately prepared fine portion, after drying the 
latter at 100 c — the results being returned on the 
dxy basis, with a simple statement at- the foot 
of the analysis of the percentage of moisture in 
the rough sample. 

But in the case of almost- all other materials, 
the results of the analysis are returned as per- 
centages of the material in its original moist 

condition. 

B. D. 

« FE5EMCO ” slate (Vol. IV, 117c). 

FETTBOL (Vol. n, 26c). 

•> FIBERLOID ” (Vol. n, 4435, 4S0a). 
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FIBRES, ANIMAL, SILK. Silk is a 
Bolidsfied secretion produced by the larv® of 
numerous species of moths, all of which are 
members of the natural order Lepidoptera The 
most important of these silk spinners are Bombyx 
tnon (mulberry worm), Bombyx textor, Bombyx 
atnensts (Chinese monthly worm), Bombyx croeai 
(hot weather worm), Bombyx fortunatua (cold 
weather worm), Antherza mylitta (Tussah silk 
worm), Antherza pemyi (which yields Shantung 
silk), Attacua ncirei (which yields Ena silk), and 
Ailacua cynihia Most of the Bombyx moths 
are domesticated or bred under controlled con 
ditions, with the object of producing the best 
type of silk, known as true silk, whereas the 
Saturmdz are not cultivated to the same extent 
and consequently yield a !es9 valuable product, 
known as wild silk The latter, although 
generally brown in colour and coarser and stiffer 
than true silk, has increased in importance 
during recent years owing to advances in the 
technology of processing The fibre obtained 
from Bombyx mon, which feeds on the leaves of 
the mulberry tree { Morus alba or A lorus rubra), 
is usually taken as the standard for true silk, 
and unless otherwise stated, the term Bdk used in 
this article refers to this standard product 

Great care is exercised in the rearing of silk 
worms and much research has been carried out 
to determine the optimum conditions for the 
larvse It has been found (Nakahama and 
Nishimura, Bull Agric Chem Soc Japan, 1937, 
13, 45 79) that atmospheres of high relative 
humidity tend to cause a reduction in the quality 
and amount of silk produced, and that excessive 
feeding, although resulting in larger and heavier 
cocoons, has a similar deleterious effect upon 
the quality of the silk Conditions in the silk 
worm establishments or filatures must be care 
fully controlled if the best results are to be 
obtained, especially as the larv® are subject to 
a considerable number of diseases, some of 
which are highly contagious, t g ptSbnne, 
flachene, grassene and mnscardine The silk 
worm is hatched in the larval form from eggs 
laid by the moth, and after feeding voraciously 
for 32-33 day8, during which time it changes its 
skin four times, passes into the pupal stage 
As a means of protection from external agencies, 
the insect spins a cocoon round its body by 
ejecting the contents of itB two Bilk glands 
through minute spinnerets, one on each side of 
the head By this means, two filaments or 
brins, composed of a protein known as fibroin 
and cemented together with sencm, a compound 
similar m constitution hut different in properties, 
are produced This composite raw silk thread, 
which solidifies on emerging into the air, is 
termed the have 

There is considerable controversy as to the 
exact method by which these threads are pro 
duced, and the topic has recently been compre 
reviewed by Bergmann (Text Res 
J9. 9. 329) According to early workers on 
■fsilk .formation sencm is produced by atmo 
spheric oxidation of fibroin, which is the sole 
product of the glands, but this hypothesis was 
shown to bo false by the application of a staining 
technique which demonstrated the presence of 
sencm in the sjlk producing organs Most in 


vestigators are agreed that fibroin is produced 
m the posterior portion of the gland, but there 
is some difference of opinion regarding sencm 
formation Cert am authors (Blanc, Rapp Lab 
d’Ftudes de la Soie, Lyon, 1887-88, 4, 52 , 
Tanaka, J Coll Agnc Tdkohu Imp Umv 
1911-12, 4, 145) believe that this protein is 
produced by the interglandular oxidation of 
fibroin, whilst others (Lidth de Jeude, Zool Anz 
1878, 1, 100, Rauhn and Sicard, Rapp Lab 
d Ftudes de la Soie, Lyon, 1886, 3, 43 , Machida, 
J. Coll Agnc Tokyo, 1937, 9, 119 , Proc Imp 
Acad Tokyo, 1926, 2, 421) provide evidence 
supporting the theory that sencm and fibroin 
are secreted as completely independent com 
pounds m the middle and posterior portions of 
the gland, respectively Silk is present in these 
organs as a viscous liquid, and is quite different 
in properties from cocoon silk The mechanism 
by which Solidification is effected is rather 
obscure, but the most satisfactory theory 
appears to be that due to Foa (Kolloid Z 1912, 
10, 12), who is of the opinion that the change is 
produced purely by the mechanical action of 
stretching and pulling to which silk is subjected 
after leaving the gland Confirmation of this 
hypothesis has been provided by Hirazuka 
(Bull Imp Sencult Exp Sta Nakano, 1918, 
1 203), Hirasawa (Bull Sencult and Silk lad 
Japan, 1930, 3, 6) and Ongaro (Giom chim ind 
applicata, 1933, 16, 506), whilst Ramsden 
(Nature, 1938, 142 1120) has put forward evi 
dence in support of the view that Bheanng forces 
contribute towards the solidification 

Dunng the formation of the cocoon, the larva 
moves its head as though making a figure of 
eight, and consequently the fibre is fairly easily 
unwound (reeled) when required for industnal 
purposes Although most cocoons are used for 
silk production, a certain number are retained 
for purposes of reproduction These are allowed 
to develop naturally, but when cocoons are to 
be employed as a source of silk, it is necessaiy to 
kill the insect inside, by heating in an oven at 
60-70°C for 3 hours, or by placing in steam 
for 10 minutes If the insect were allowed to 
live and emerge as an adult moth by softening 
a portion of the cocoon with an alkaline fluid 
ejected from its body, there would be a reduction 
in the length of reelable silk A filature cocoon 
of average size weighs from 1 to 3 g and con 
tarns some 3,000-4,000 yards of silk, of which 
600-1,200 yards may be reeled This is worked 
up as true silk, which consists of long uniform 
filaments, whilst the unreelablo portion and 
inferior or damaged cocoons, together with 
those of the wild worms, are manufactured on a 
system involving carding and spinning 

CoMPOsmov op Silk 

Raw silk threads, which decrease m diameter 
as the inside of the cocoon is approached, consist 
mainly of sencm and fibroin, together with 
moisture, mineral salts, waxes and colouring 
matters The filaments are generally regarded 
aa containing 11% of moisture, 66% of fibroin, 
22% of sencm and 1 % of mineral and colouring 
matters (Allen’s “ Commercial Organic Analysis,” 
5th ed , Vol 10, p 200), although, aa shown in 
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Table III 


Table IV 


Silk 

% Loss !a weight 

Yellow — French . . , 

24 18 

Italian . 

23 40 

Piedmont 

22 92 

Spanish 

24 94 

Synan 

24 35 

Bengal 

22 09 

White — French 

21 54 

Piedmont 

20 68 

Italian 

21 40 

China 

17 98 

Canton 

22 17 

Japanese 

17 90 


Reference — Matthews, “ Textile Fibers," 4th 
ed 1924, p 292 


Amino acid 

From 
Canton 
silk 1 

From 
Indian 
Tussah 
silk 2 

Bilk of a 
bivoltine 
speciesof 

Bombyx 

silk 4 






Glycine 

12 

1 5 

39 


Alanine 

92 

98 

35 

— 

Leucine ; 

60 

48 

04 

169 

Senne 

58 

54 

69 

6 81 

Aspartic acid 

25 

28 

39 

— 

Glutamio acid 

20 

1 8 

08 



Phenylalanine 

06 

03 

05 

— 

Tyrosine 

23 

1 0 

32 

5 69 

Prolino 

25 

30 

04 

— 

Arginine 

— 

— 

— 

4 56 

Lysme 

— 

— 

— 

1 69 

Histidine 

— 

— 

— 

1 02 


mg with water, and finally treating with cold 
alcohol, boding alcohol, and ether m succession 
An empirical formula C 15 H l5 0 8 N 5 has been 
assigned to Bericin by Cramer (J pr them 1865, 
M» 96. 91) who expressed the relationship 
between this protein and fibroin by the following 
equation 

^is^tj0 # N,+ H a 0+0=C I5 H 25 0 8 N s 

Fibroin Sertcin 

Sencm, which is soluble in hot water, hot soap 
solution, and ddute caustic alkalis, may be pre 
cipitated from aqueous solution by the addition 
of alcohol, tannin, basic lead acetate, stannous 
chloride, bromine or iodine Formaldehyde is 
capable of rendering sencm insoluble m hot 
water and soap solutions, and if raw silk is 
treated with this reagent, the sencm becomes 
more firmly attached to the fibroin A similar 
fixation may be effected by the use of chromium 
salts, which cause the fibres to assume a wool 
like appearance The ammo groups of the pro 
tern appear to play a part m this reaction, smce 
deammated sencm absorbs less chromium than 
does the unmodified matenal (Oku and Hirose, 
Bull. Agnc Chem Soc Japan, 1937, 13, 1267, 
J Agnc Chem Soc Japan, 1938, 14 178, 309) 
By boiling in acid solutions sencm may be 
hydrolysed into a mixture of amino acids AI 
though, as shown in Table IV, the results of 
analyses on such hydrolysates are widely 
divergent and inadequate, it is evident that 
alanine and senne are important constituents 
In common with other proteins, sencm com 
bines with dilute acids and alkalis and possesses 
an isoelectno point Older values of this cha 
racte ns tic are of an approximate nature only 
(hodama, Biochem J 1926,20,1203. Denham 
and Brash, J Text Inst 1927, 18, T620), but a 
o' ‘S??!*?™ 1 ' 8 * 11011 by Hams (Text ^3 1939, 
», 374) has provided the more accurate figure of 
a 4 3 The determination was earned out by 
the electncal mobility of sencm ab 
orbed on glass particles of 0 1-2 microns in dia- 
meter, and acetate buffers were employed to 
mimmise specific ion effects On account of its 
high molecular weight, sencm forms a colloidal 
solution m water The properties of such soln 
tlOQs hare been investigated with great thorough 


1 Abderhalden and Worms, Z phvslol Chem 1909, 
62,142 

* Strauch, tiid 1011, 71 365 
39 3QQ Uye ant * ® irasa wa, J Tokyo Chem Soc 1918, 
' Tiirk Z physiol Chem 1920,111,69 

ness by Kaneko (Bull Chem Soc Japan, 1934, 
9, 207, 241, 283, 344, 409, 461, 600), who has 
provided accurate data for the viscosity, specifio 
conductivity, surface tension, cataphoretic 
velocity, and the vanation of these character 
istics with temperature and other factors 
Sencm solutions are excellent emulsifying 
agents, and show a protective colloid capacity, 
as revealed by the gold number of 0 02-0 38 
Coagulation is effected by the addition of heavy 
metal salts or organic solvents such as alcohol, 
acetone or benzene 

By suitable treatment of sencm solutions, 
different fractions, which have been designated 
as sencm A and sencm B, may bo obtained 
The separation may be effected in a number of 
ways The method of Mosher (Amer Dyestuff 
Rep 1D32, 21, 341) consists in adjusting the 
Pa of the solution to 3 6-3 8, when sencm B is 
precipitated, followed by the addition of alcohol 
to deposit the A vanety Kaneko (1 c ), how 
ever, has shown that the two forms may bo 
prepared by mixing a luke warm sencm solu 
tion with an equal volume of saturated am 
monium sulphate, or by freezing the solution for 
several hours and then allowing it to return 
slowly to room temperature Under these con 
ditions sencm A may be separated, while sencm 
B remains in solution and may be isolated in the 
usual manner There is some doubt (Matsunaga, 
J Soc Chem Ind Japan, Suppl binding, 1 9.SG, 
89, 465) as to the identity of the vanous frac 
tions separated by different workers, but all are 
agreed that whilst the two forms of sencin ex- 
hibit the usual protein charactenstics, they are 
quite different in many chemical and physical 
properties 

The more important differences between the 
sencins identified by Kaneko (l c ) may be 
summarised as follows . 
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(2) Sericin B is more soluble than A in dis- 
tinctly acid and alkaline solutions. 

(3) Sericin A is coagulated by strong solutions 
of ammonium sulphate and by electro dialysis, 
whilst sericin B remains in solution as a result 
of such treatments. 

(4) After freezing a solution containing both 
forms, sericin A cannot return to the colloidal 
state, whilst B again enters into solution. 

(5) The two varieties have different iso- 
electric points, although the reported values 
vary somewhat. Thus, two results for the iso- 
electric point of sericin A are 3-S and 4*1, whilst 
the corresponding figures for sericin B are 4*5 
and 4*3. 

(6) The specific gravities of sericins A and B 
are 1*356 and 1-309, respectively. 

(7) Sericin A has the greater protective colloid 
action, as shown by its gold number being less 
than that of sericin B. 

(S) Sericin A has a greater affinity for dyes 
than has B. 

(9) Differences in composition are evident 
from the following figures : 

Sericin A . — -Total nitrogen — 16*36%, Tyro- 
sine — 2*62%. Glycine — 6*18%. 

Sericin B . — Total nitrogen — 16*11%, Tyro- 
sine — 5*35%, Glycine — 4*S9%. 


The two varieties isolated by the method of 
Mosher exhibit similar differences in physical 
and chemical properties, but there are more data 
regarding their constitution. The nitrogen con- 
tent of sericin A has been shown (Ito, J. Aerie. 
Chem. Soc. Japan, 1937, 13, 1201) to be 17*37% 
and that of B, 16*SS%, whilst the distribution 
of nitrogen in the two forms is given in Table Y 
(Ito, ibid. 1939, 15, 50). 

Table Y. 


Type of nitrogen. 

Sericin A. 

Sericin B. 

Amide .... 

12*14 

10*22 

Humin .... 

0*17 

0*90 

Cystine .... 

0-00 

000 

Arginine .... 

9*15 

9-6S 

Lvsine .... 

4*70 

4*72 

Histidine 

2*71 

3*80 

Monoamino . 

70*10 

69*19 


In addition, sericin A contains 0-45% of sugars 
and 0-37% of amino sugars, and sericin B 1*0S% 
and 1*27% of these compounds. "When both 
varieties are heated with water, a considerable 
amount of ammonia is liberated, the greater 
quantity being obtained from sericin A. 


Table YI. 


% of amino acids. 


Origin of Fibroin. 

© 

© 

O 

© 

<: 

© 

"o 

3 

© 

© 

cc 

*— ~ 

P 

< 

. ,3*© 
=j< 

C 

« ° 

>>£ 
c c 

Tyroilno. 

i’rollno, 

From New - Chwang silk 
(Abderhalden and Billiet, 
Z. phvsioL Cbem. 1909, 
58, 337) 

19*7 

23 -S 

1*6 

1*0 

2*9 


1*2 

9*S 

I 

1 

t 

1*$5 ‘ 

From Canton silk (Abder- 
halden and Behxend, ibid. 
1909, 59, 236) .... 

37*5 

23*5 

l-o 

1*0 

0-75 


1*6 

9-S 

i 

1*0 | 

From Shantung Tussah silk 
(Abderhalden and Brahm, 
tot'd. 1909, 61, 256) . . 

14*5 

22*0 

10 

1-S 

1-0 

1*75 

1*0 

9*7 

1 

2*5 ' 

From Bengal silk (Abder- 
halden and Sington, ibid. 
1909,61, 259) .... 

30*5 

20-0 

1*2 

1*75 

0-S 

trace 

1*4 

10-0 

! 

i 

i-o ; 

From NIet ngo tsam silk 
(Abderhalden and Brossa, 
ibid. 1909, 62. 129) . - 

24-0 

1S-5 

1-2 

1-5 

2-0 

30 

1*0 

7-S 

1-2 ' 

1 

From Indian Tnssah silk 
(Abderhalden and Spack, 
ibid. 1909, 62, 131) . . 

9*5 

24-0 

1-5 

2-0 

2-5 

1*0 

0*6 

i 

92 

1*0 1 

From Tsai-tsao-tsam silk 
(Abderhalden and Schmid. 
ibid. 1910, 64, 460) . . 

25*2 

1S-2 

0 , 

1-2 

2-1 

2*0 , 

i 

i-o ! 

i 

7* s 

j 

1-0 i 

From Cbefoo silk (Abder- 
halden and Yfelde, ibid. 
1910,64,462) .... 

12-5 

1S-0 

1*2 

1-0 

2-0 

i 

2*0 1 

i-o ! 

i 

S-o 

f 

2*5 i 
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A third fraction, sencin C, has also been iso 
lated by Mosher (Amer Silk and Rayon J 1934, 
53, April, 43) from the last portion of sericin 
which can be removed from raw silk The pro 
tern is insoluble in all common solvents, is 
resistant to enzyme action, and has little ability 
to emulsify oils and fats It is very doubtful 
whether this substance is a true sericin, and 
consequently, it has also been classified as a pro 
tern intermediate m properties between sencin 
and fibroin 

Fibroin — The second protein constituent of 
silk, fibroin, is insoluble in water and organic 
solvents, but dissolves m concentrated solutions 
of mineral acids, alkaline hydroxides, or certain 
salts, and in ammomacal solutions of copper or 
nickel oxides On hydrolysis by means of 
strong acids, various ammo acids have been 
isolated, the most important being glycine, 
alanine and tyrosine Investigations by Abder 
halden in the years 1909 and 1910 indicate that 
fibroins obtained from various types of silk 
differ in composition (see Table VI on previous 
page and Z physiol Chem l c ) 

Later, Abderhalden {ibid 1922, 120, 207) 
published the following figures for the percentage 
composition of hydrolysates obtained from the 
fibroin of Bombyx mor* silk, glycine 40 5, 
alanine 25, tyrosine 11, leucine 2 5, senne 1 8, 
arginine 1 5, phenylalanine 1 5, proline 1 0, 
lysine 0 85, and histidine 0 75 More detailed 
experiments (t bid 1932, 207, 141, 210, 246) 
by the same author revealed the presence of 
norvalme, vahne, chitosamme, aspartic acid, 
glutamic acid and glucuronic acid, in addition 
to the previously mentioned compounds By 
treating fibroin with normal caustic soda solu 
tion at 37°C for 40 hours, a pentapeptide, 

_G— A— G— T— G— A—G— Ar 

{— G— A— T— G— A— G— X— G 

G— A— G — T — G — A — G — X— C 

(G— A— G— T— G— A— G— X— < 

where G denotes glycine, A alanine, T tyro 
sine, Ar arginine and X any other aminoacid 
residue 

The configuration of the fibroin molecule has 
also been the Bubject of many physical rovesti 
gations As a result of the application of X ray 
technique it has been established that this pro 
tern is composed of an amorphous mass contain 


glycylserylprolyltyrosylprohne, and a tetra 
peptide, serylprolyltyrosylproline, were isolated 
The most recent values for the composition of 
hydrolysates obtained from Bilk fibroin are due 
to Bergmann and Niemann. (J Biol Chem 
1938, 122, 677), who have developed new 
methods for the determination of glycine and 
alanine, and have provided new figures for the 
amounts of tyrosine, glycme, alanine and argi 
nine Their results, together with older values 
ior other ammo acids, are summarised in Table 
VII 

Table VII 


Amino acid 

Percentage 

Reference 

Glycme 

43 8 | 

Bergmann and Nie 
mann ( l c ) 

Alanine 

26 4 j 

do 

Tyrosine 

13 2 

do 

Ajgwwna 

095 1 

do 

Lysine 

0 25 

Vickery and Block 
(J Biol Chem 
1931, 93, 105) 

Histidine 

0 07 

do 

Leucine 

25 

Abderhalden (lc) 

Serine 

1 8 | 

do 

Proline 

10 1 

do 

Phenylalanine 

15 

do 


The ammo acid composition of the protein 
hydrolysate is therefore comparatively well 
established, and on the basis of this analysis, 
Bergmann and Niemann calculated a minimum 
molecular weight of 217700 They have also 
suggested that a portion of the fibroin molecule 
is built according to the following plan 

— G — A — G — X — G — A— G — X — 

“A G — X G — -A — G— X) 13 — 
i — A — G — X — G — A — G — An — 

' — A — G — X— G— A — G — X) 13 — , 

ing embedded crystallites, which consist of long, 
fully extended polypeptide chains, lying closely 
side by side to form long, thin, crystalline 
bundles or micelles, onented parallel to the 
length of the fibre The chains are formed by 
l inkin g together o ammo acids, mainly glycme 
and alanine, as follows 


H. H O H. H O H, 

ii i. n ji i n fi 

C N C C N C C 

N n / V ''c^ ^ \i / ' N 

X II / V I I! / \ I, li / \ 

H O CH S H H O R H H O CH, H 


H, 




The effective length of each amino acid residue 
fn such a system is 3 5a, whilst the distance of 
l between the parallel peptide chains 

lies somewhere between 4-4 and 6 1 a, and the 
pattern repeats in the direction of the fibre axis 
at a distance of 6 054-0 25 a, which corresponds 
to the length of two amino acid residues (Meyer 
and Mark, Ber 1928, 61 [BJ, 1932. Kratky and 
Kunyama, Z physical Chem 1931,15.11,363, 


Brill, Annalen, 1923, 434, 204) Calculations 
based on these values and on the formula set 
out by Bergmann show that the macromolecules 
of ailk fibroin are approximately 900 millimi 
| crons m length, but Alexander (Ind Eng 
Chem 1939, 31, 030), as a result of experiments 
with the ultra microscope, believes them to be 
considerably smaller 

The Japanese worker, Kaneto, ba3 demon* 
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strared (J. Anric. Chem. Soc. Japan, 1936. 12. 
101, SOT; 1937, 13, 205, 1125) that silk fibroin 
cry be fractionated into fibroin A and fibroin B. 
by precipitation tinder carefuEy controlled con- 
ditions, from a dispersion in cold concentrated 
hydrochloric add. The A variety bss ibe Usher 
specific gravity, tyrosine content and isoelectric 
point, and is core resistant to chemical reagents, 
although it is core readily stained by add 
colours. Both fores give po siti v e results with 
the x anthoproteic reaction and Union's reagent, 
the coloration being core intense in the case of 
fibroin A. 

Since fibroin is a typical protein, it is capable 
of benroylation and acetylation, and these 
reactions proceed easily. When aeetylated with 
keten, or acetic anhydride, however, much more 


of {he reagent is absorbed than can be accounted 
for in terms of the hydroxyl and amino groups 
in the molecule (Carr. Text. Res. 1936, 7, 103 ; 
193S, 8, 125, 390). The protein also combines 
with adds and alkalis, to an extent which is 
dependent trpon the p R of the medium. Jordan 
Lloyd and Bidder (Trans. Faraday Soc. 1935, 
31, S 64) have pointed ont that under their 
experimental conditions, si Ik fibroin possesses 
an isoelectric region from approximately _p E 3 
to pgS in which n-_- combination occurs, but 
many other workers have been concerned with 
the more precise determination of an isoelectric 
point. The methods adopted have been many 
and varied, and the results widely divergent, as 
is evident from Table TUL 

The last mentioned determination is probably 


Tasi_x mi. 


1 

Method. 

Isoelectric Point 
(Ph). 

Denham and Brash (.J. Text. 1 
Inst. 1927, 18, T520). 

Fixation of metallic and acidic 
radicals. 

3-8 

ileunier and Rev (Comnt. rend. 
1927, 184, 2S5). 

Swell in g in bufrer solutions. 

£.0 

Elod, Teichmatm, and Pieper 
(Z. anxew. Chsm. 1927. 40. 
262). 

Observations on the effect of fibroin 
on the hydrogen-ion concentration 
of conductivity water. 

O'l 

Havlsv and Johnson (Ind. Enx. 
Chem. 1930, 22. 297). 

Electrophoresis of aqueous suspen- 
sions of finely divided fibroin. 

isoelectric 
range, I -4-2-8 


Flocculation of fibroin suspensions. 

isoelectric j 

ramie, 1-7-2-4 ; 

i 

Harris (J. Res. Nat. Bur. Stand. 
1932. 9. 557). 

Precipitation of fibroin solutions. 

Viscosity of fibroin solutions. 

2-1 ! 

2-3 


Electrophoresis measurements. 

2-5 

i 

Denham e! cl. (Trans. Earadav 
Soc. 1933, 29. SOT: 1935. 31, 
511). 

Swelling. 

| Minima at jpn* j 

1-4. 2*S. 3-S and 4*7. j 

1 | 

RasteUi (KoEoid-Z. 1934, 67, 55). 

Fixation of ions from aqueous solu- 
tions. 

4-^A-S 

i 

Earris (Text. Ees. 1939, 9, 374). 

Electrophoretic measurements using 
refined methods. 

3-6 ! 

’ 

[ 


the most accurate, and consequently, the iso- 
electric point of silk fibroin may be considerea 
to be 3%. • This figure applies to fibroin from 
Esr~. ryr r-.vri. but it is likely that the pcsrtiou 
of the isoelectric point is characteristic of each 
kind of silk (Elod. i.c.). Denham and Brasn 
(?.c.), cn the other hand, did not find any con- 
spicuous difference between the isoelectric 
points of samples of Chinese and Italian silks, 
or even between those of mulberry fibroin aim 




nterom. it 


ch an observation, nowe»er. 
is not in aureement with that of Bito (BuH- 
Serimlt. Javan. 1931, 4, No. 2. 2), who ha? 


1 reported the value of prr 2-85 for the isoelectric 
: point of Tcssah fifcroin.“buf the whole question 
of the isoelectric point of fibroin is greatly con- 
; fused by the lack of accurate data. 

Micnoscorr or Smx. 

■When the raw silk fibre is subjected to mlero- 
| scenic examination, the two brir.s are clearly 
. visible, and are often quite separate from each 
other for considerable distances along the fibre, 

| althouuh at other points they adhere closely. 

: The surface of the have appears irrcgular.^duy 
I to broken or tom portions of scricin. Tr. i« 
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binding layer shows frequent transverse fissures 
caused by a cracking -of the sencin during bend 
ing or twisting of the fibre Degummed silk, 
which is roughly triangular in cro°s section, is 
much more uniform, and is easily distinguished 
as a smooth transparent filament of fairly regular 
diameter, although lumps or swellings are oc 
casionally evident Stnations rarely occur, but 
when visible are parallel to the fibre axis 
Treatment with dilute chromic acid results m 
the appearance of very fine longitudinal mark 
ings Fibroin may be stained deep red with 
alloxantin, red with fuchsme, and yellowish 
brown with iodine, whilst concentrated hydro 
chloric acid produces a violet colour, and a mix 
ture of sugar and concentrated sulphuric acid 
stains the fibres rose red, prior to their solution 
Both raw and degummed silks exhibit character 
istio colours when examined in polarised bght, 
these being most probably caused by the fibroin 
Wild silks may be readily differentiated from 
the cultivated variety as the fibres are broad 
and thick, and approximate to a flattened ellipse 
in cross section Tussah Bilk is characterised by 
distinct longitudinal stnations and peculiar 
flattened markings, usually running obliquely 
across the fibre (Matthews, op cit pp 270-273, 
for photomicrographs) By treatment m cold 
chromic acid, the fibre may be macerated into 
minute filaments, which according to Hbhnel 
are 0 3-1 5 microns in diameter and are arranged 
parallel to the length of the fibre Air canals or 
spaces between these filaments are probably the 
cause of coarse longitudinal markings which 
occur at intervals on the fibre, in addition to the 
finer stnations previously mentioned 

Physical Properties oe Silk 
Dry silk has a great affinity for water, and 
adsorbs water vapour at all humidities, the 
regam under desorption conditions being always 
m excess of that under adsorption conditions at 
the Bame relative humidity Owing to the high 
pnee of silk it is customary to estimate its mois 
ture content before sale, and a regain of 11% 
is officially ^permitted in the case of raw silk 
Boiled off silk appears to have rather less 
affinity for water, due presumably to the higher 
adsorptive capacity of the silk gum Water 
adsorption data for raw and degummed Bilks at 
vanous temperatures and relative humidities 
have been provided by Schloesmg (Compt 
rend 1893, 116 808), Levrat (Rapp Lab 
d’Etudes Soie, Lyon, 1901, 10, 39) , Homg 
(Text Foreehung, Fore ehungsh eft 3/5, Dresden, 
1918), Obermiller and Goertz (Textilber 1926, 
7, 71 , Z phyeikfd Chem 1924, 109. 145), and 
Kujuai, Kobayashi and Tonyama (Sci Papers 
Inst. Phys Chem. Res 1923, 1, 79) The last 
authors have also demonstrated that tho re 
lationship between the percentage of water 
adsorbed (Q) and the relative humidity of the 
atmosphere (H) may be expressed in the form 
Q" l/(o/H+6— eH) where o, b, and c are con 
Btants, whilst the more comprehensive equation 
tr— (a+/5£)\/(100— 0. where w is the moisture 
content, $ the relative humidity, I the tempera- 
ture and a and /t are constants, is in accordance 
with the results of Homg (he ) The regains 
of Chinese, Itaban and Japanese degummed 


silks under the same conditions are all similar 
according to Denham and Allen (Trans Faraday 
Soc 1933, 29, 316), but that of Tussah is greater 
The extent of the swelling which occurs when 
dry degummed silk is exposed to the atmosphere 
vanes with the relative humidity, as illustrated 
by the results of Denham and Dickinson (ihirf 
1933, 29, 300) given m Table IX 


Table IX — Mean Lateral Swelling of 
Filaments of Italian Silk, Per Cent of 
Original Dry Diameter 


Relative 

humidity, (%) i 

20 

40 

60 i 

80 

00 j 

95 | 

100 

Mean lateral ■ 








swelling, (%) j 

1 c| 

2 4| 

a i 

6 1 

H 

li l| 

16 3 


A more recent investigation (Ingram, Text Res 
1938, 9, 79) has revealed that swelling is also 
dependent on tho diameter of the fibre, since 
dry filaments of both raw and degummed silk, 
when placed m water, increase in cross sectional 
area in a ratio inversely proportional to their 
diameters 

The elastic properties of degummed silk vary 
considerably according to the nature of the silk, 
but the results of Denham and Lonsdale (Trans 
Faraday Soc 1933, 29, 305), summarised in 
Table X, serve to indicate their magnitude 


Table X 

All figures relate to tests earned out at 
65% R H 






ellk 

silk 

No of filaments 



tested 

485 

80 

Mean diameter (cm ) 

0 00130 

0 00078 (4) 

Breaking load (g ) 
Extension at break 

68 

26 

(% of original 
length) 

25 6 

18 4 

Tensile strength 



(dynes per sq cm 
x 10 9 ) 

60 

64 

Young’s modulus 



(dyne9 per sq cm 

x 10 10 ) 

7 22 

10 74 


Aa in the case of other textile fibres, the rela 
tive humidity of the atmosphere and the rate 
of loading have a great effect on certain of the 
above values The results given in Table XI, 
for example, provide ample evidence of the 
variation of Toung’s modulus with relative 
humidity in the case of degummed Japanese Bilk 
filaments 

Recovery ofsilk filaments after extension takes 
the form of a rapid contraction followed by a 
slow creep, and is facilitated by an increase m 
the relative humidity of the atmosphere Even 
m saturated atmospheres, however, the fibres 
do not regam their original dimensions This 
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The loose ends of several fibres are brought to remove the whole of the gum, in special cases a 
gether by the operator and passed through guides considerable amount is left on the fibre. Souple 
on to the reel to form threads of a suitable size silk, for example, is raw silk from which only 
for processing The product so obtained is 8-12% of the gum has been removed, and Ecru 
termed raw silk or grlge, and the waste, con silk is obtained, by treating the raw material in 
sistrng of short and tangled fibres from the ex lukewarm water, thereby removing 3-4% of 
tenor of the cocoons, and of damaged silk, is sencin In the usual methods of degumming, 
known as floss silk and is used for the manu not only is it necessary to remove the whole of 
facture of spun Silk Raw silk obtained from the sencin, but also the natural fats, waxes and 
first class cocoons is spoken of as organzme, pigments, and, in certain cases, the oils added to 
and that from infenor cocoons as tram In assist processing The reagent most frequently 
order to give quantitative significance to the used for this purpose is a hot soap solution A 
ease with which silk may be reeled from cocoons, soda olive oil soap is normally employed because 
the Japanese have introduced the term kaijo, of the comparative ease with which it can be 
which is defined as the weight of raw silk reeled washed out of the silk, although certain ad 
per hour under standard conditions (Kaneko, vantages are claimed for the more expensive 
Bull Sencult Japan, 1931, 4, No 2, 3) The potassium and triethanolamine soaps It has 
value for the kaijo is dependent upon a large been found that the best results are obtained 
number of factors, but it is considered that in when the process is carried out between Pa 
the case of silk from Bombyx mon, the reactions 10 0 and 10 5 (Mosher, Amer Silk J 1930, 49, 
of an aqueous solution of the sencin are mdi No 7,63, No 8,64, No 9,59} and at a tempera 
cative of the kaijo Thus, the aqueous extract ture of 200-21 0°F Although the time required 
from cocoons of good kaijo has a higher p H value for degumming varies with the nature of the silk, 
than that from cocoons of poor kaijo, the gold treatments of I to 2 hours’ duration w a boding 
number of the sencin solution is high if the soap solution at p u 10 2 are quite effective 
kaijo is poor and vice versa and the emulsifying The possibility of degumming in alkaline eolu 
properties of the sencin are best when the kaijo tions of cheaper reagents such as caustic soda, 
is good If the kaijo is low, the fraction of sodium carbonate, sodium silicate and sodium 
Sencin A in the extract is approximately 40%, phosphate has often been contemplated, but 
but when the kavjo is high, the sencin A conteat the fibroin thus produced is liable to lack lustre 
vanes from 75 7% to 79 2% The reeling of and to retain some of the natural waxes The 
silk is easier when the isoelectnc point of the use of alkalis, together with Bulphonated oils, 
solution lies between p a 4 25 and 4 4, and is and of buffered alkaline solutions has also 
said to be improved by a preliminary treatment received attention In addition, enzymes such 
of the cocoon in a dilute solution of ammonia as trypsin, pepsin and papain, bacterial pro 
followed by dilute sodium hj droxide solution teolytic ferments, yeast enzymes, diastase from 
(Scott, Amer Dyestuff Eep 1934, 23, 217) soy wort and preparations from the digestive 
Soaking — This process consists in softening organs of fish, are employed, but these are rarely 
and lubricating raw silk by soakmg in an oil able to effect complete removal of sencin, and 
emulsion preparatory to the operation of throw it is therefore advisable to give a short pro 
ing (twisting) and subsequent weaving or knit liminary treatment in hot acid or alkaline bquors, 
tmg The older practice was to soak the fibres or a subsequent mild soap degumming Enzyme 
overnight at 80-100°F m an emulsion of neats degumming, which is earned out at compara 
foot oil and soap, afterwards removing the tively low p H values and at a low temperature, 
excess liquor by hydroextraction, and drymg at is particularly applicable to the removal of 
a temperature below 100°F As a result of the sencin from silk contained in union materials, 
development of the sulphonated 01 I 3 , it is now 1 g Bilk in admixture with cotton or wool In 
possible to substitute sulphonated neatsfoot oil the case of silk m silk wool mixtures, where it is 
for soap, and to use mineral oil with this com inadvisable to use solutions of high pg values, 
pound Further advances include the use of a method of acid degumming at p a 1 76-2 6 
wetting agents such as alkj lated naphthalene tends to minimi se damage to the wool 
sulpbonic acids, sulphonated abietenes and Weighting — Silk has a great affinity for salts 

derivatives of glycol, and the use of sodium salts of certain metals, and advantage is taken of this 
of sulphonated esters of fatty acids or acid property to increase the weight of silk goods, 
amides, or the sodium salts of fatty alcohol stannic chloride being the salt most com 
sulpbonates, as substitutes for soap or sul monly employed for this purpose The silk to 
phonated oils It is essential that od used for be weighted is subjected to alternate soakings 
this purpose should not he liable to oxidation, in solutions of stannic chloride and sodium 
and that sulphat on should be carefully con phosphate, and washed after each treatment 
trolled A recent patent ((J S P 2129904) \\ hen sufficiently weighted by this means, it is 
protects the use of a soaking bath containing treated with a solution of sodium silicate and 
the oil as a negatively charged disperse phase, then washed to remove the excess reagent 
to which is added a discharging agent such as Views on the mechanism of the process aro 
m sulphate, fluosiheates or certain many and varied (Heer mann , Ru ten part — 
lii therebj causing the oil to be deposited on two series of papers by these authors in Farben 
the fibre Ztg 1903-1909, Sisley, Chem Ztg 1011. 621 

Degumming — Degumming is the technical Ley, x bid 1912, 1405, Fichter and JlfiUer, 
term for the operation of removing sencin, etc , Farben Ztg 1915, 26. 253, 274, 289, Scott, 
from the raw silk fibre, thus producing the Amer Dyestuff Rep 1931. 20, 18, 39, 40, 43, 
I mt rout fibroin Whilst it is customary to 517, 557, 591, 621), but it would appear that the 
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stannic chloride combines -with the silk to form 
an additive compound which is subsequently 
hydrolysed on cashing with the production of 
free hydrochloric acid and stannic oxide, which 
is retained by the silk. Further treatment with 
sodium phosphate and silicate results in the 
formation, on the fibre, of a tin silico-phosphate 
complex of indefinite composition. There are 
numerous modifications of this procedure, but 
in general, immersion in some solution of a 
metallic salt is followed by treatment with a salt 
which will react to form an insoluble precipitate 
in or on the fibre. Sodium chloride, calcium 
acetate and certain carbonates or sulpho- 
eyanates may be added to the stannic chloride 
bath, and ammonium hydrogen phosphate sub- 
stituted for sodium phosphate. A preliminary 
treatment of the fibre with formic acid, chloro- 
acetic acid or 26% hydrochloric acid is some- 
times advantageous. When lead salts are used 
for weighting, the silk is subjected to one or two 
cycles of alternate tin and phosphate treatments, 
then acidified with dilute acetic acid, and 
treated with a solution of lead acetate followed 
by fixation with sodium phosphate. Lead 
acetate may he replaced by lead chloride if other 
modifications are also introduced. Basic alumi- 
nium nitrate, chromium compounds, antimony 
chloride, iron salts, ammoniacal zinc acetate, 
rare-earth metal salts, and various organic sub- 
stances ( e.g . gelatine, dextrose, logwood and 
tannins) are further examples of the many 
reagents which are employed. Practically all 
weighting materials have a deleterious effect 
on silk, and weighted silks deteriorate more 
rapidly than unweighted (Johnson and Edgar, 
Iowa State Coll. J. Sci. 1936, 11, 5). The 
presence of weighting may often be detected 
quite simply by igniting the fibre, which, if 
heavily weighted, will not inflame, but gradually 
smoulder away, leaving a coherent ash which 
retains the original form of the fibre. The 
percentage of true silk in a weighted sample is 
most accurately determined by estimating the 
total nitrogen content by the Kjeldahl process, 
but since the weighting material may also con- 
tain nitrogen, for example, gelatin and Prussian 
blue, thi=; must first he removed by boiling in 
acid and in alkali. Complete analysis of a 
sample of weighted s ilk is complicated by the 
immense variety of possible weighting agents, 
and the accuracy is impaired by the uncertainty 
of the correction to be applied for the loss of silk 
substance at the different stages. Details of 
such analyses are given in Allen, “ Commercial 
Organic Analysis,” oth ed. 1933, X, 222. 

The final processes in the manufacture of silk, 
are dyeing and finishing, and many diverse 
effects, such as modification of transparency, 
lustre and handle, may result from these opera- 
tions. The fibres readily adsorb both acid and 
basic colours. Yat dyes, mordant dyes and log- 
wood blacks are widely used in silk dyeing, and 
direct and basic colours in printing (r. YoL D , 
144). 

Testing. 

(a) Determination of Silk in Admixture iritk 
other Fibres. — Qualitatively, silk may be de- 
tected by its appearance under the microscope 
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and by positive reactions on application of the 
usual tests for proteins. It may be distinguished 
from the wild silks by a greater reactivity, being 
more soluble in boiling concentrated hydrochloric 
acid, concentrated potassium hydroxide and 
ammoniacal copper hydroxide. Quantitative 
methods of estimating silk in admixture with 
other fibres are based upon preferential solution 
of the silk fibres. A reagent made by dissolving 
16 g. copper sulphate in 140-160" ml. water, 
adding 8-10 g. glycerol, and then pouring in 
sodium hydroxide solution until the precipitate 
is just redissolved, is capable of dissolving silk 
entirely, but removes only l-0-l-5% by weight 
of cotton and 9-16% by weight of wool. A 
boiling solution of oxychloride of zinc is another 
preferential solvent, and Richardson claims that 
an ammoniacal solution of nickel oxide is also 
satisfactory. Silk dissolves in the cold in the 
latter reagent, whilst cotton loses 0-45% of its 
weight and wool 0-33%, but for analytical pur- 
poses, it is recommended that solution should 
he carried out at the boil. Full details of these 
tests may be found in Allen, op. cit., p. 217. 

(6) The Measurement of Damage. — The term 
damage includes modification of the protein 
by acids, alkalis, oxidising agents, fight, steam 
and dry heat, and it is doubtful whether all 
the methods which have been devised for its 
detection and estimation yield comparable 
results. Measurements of wet and dry tensile 
strength and elongation have been extensively 
employed (Johnson and Edgar, l.c.), and micro- 
scopic observation is a useful qualitative indi- 
cation. Kaneko (J. Agric. Chem. Soc. Japan, 
1937, IS, 217) has advocated the use of Zimmer- 
mann’s reagent (a solution of o-phthalaldehyde 
made acid with hydrochloric acid), since this 
gives no colour with degummed and undamaged 
silk, but produces a violet coloration with 
damaged silk or silk gum. Determinations of 
total nitrogen content and amino-nitrogen con- 
tent have also been carried out as an indication 
of damage (Harris, Amer. Dyestuff Rep. 1934, 
23, 403 ; 1937, 26, 650), but probably the most 
satisfactory method involves measurement of the 
viscosity in zinc chloride solution of specific 
gravity 1-67. The original method of Trotman 
and Bell (J.S.C.I. 1935, 54, 141T), as modified 
by Tweedie (Canad. J. Res. 1938, 16, B, 134), 
consists in placing 2-50 g. of silk (of standard 
regain) in a flask and adding 100 ml. zinc 
chloride solution d 10 1-67. After dissolving the 
silk bv warming in an oven at 45 C C. for 3 hours, 
the flask is cooled and the viscosity measured at 
20'C. Undamaged sOk gives viscosities of 19-24 
centipoises, but damaged material gives values 
lower than 19. The viscosity is decreased only 
when silk has been damaged by chemical means, 
mechanical damage having no effect (Shinkle, 
Amer. Dyestuff Rep. 1939, 28, 374). 

General References. — Scott, “Chemistry of 
Silk and Silk Processing,” Amer. Dyestuff Bep. 
1934, 23, 217, 253, 283, 330, 339; 1936, 25, 
451; 1937 26, 756; 1938, 27, 710; 1939, 28, 
501. Dennam and Crummett, Survey of Re- 
cent Progress, I Textile Fibres — Silk, J. Soc. 
Dyers and Col. 1925, 41, 19. Annual Reports 
for Applied Chemistry Society of Chemistry 
and Industry. Matthews, “ Textile Fibers,” 
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man. Bleaching, Dyeing and Chemical Tech 
noloETv of Textile Fibres, Griffin, London, 1925 
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FIBRES, ANIMAL, WOOL AND RE- 
LATED FIBRES, Mode of Growth — Animal 
fibres, such as wool and hair, grow from the base 
of a follicle or tube like depression in the skin, as 
shown m Fig 1 (Duerden J Text Inst 1926, 
17, T268) That part of the fibre which projects 
beyond the surface of the skin is known as the 
shaft, and the portion embedded in the skin is 
called the root At its lower end, the root ex 
panda into a bulb, into which projects the papilla, 
formed from the dermis Growth of the fibre 


fibre In its raw state, therefore, wool is con 
tammated with wool fat and suint, the former 
containing esters of cholesterol and the latter 
potassium salts of organic acids Since both 
suint and wool are hygroscopic, the greasy wool 
contains water, aa well aa dirt and vegetable 
matter 

Greasy wool may be readily analysed by 
Wilson’s procedure {J Text Science, 1926, 99, 
1927, 10) A known weight is extracted first 
with ether to remove wool fat, and then with 
water to remove suint Coarse mineral matter 
may then be removed from the residual wool by 
teasmg it out under water The mineral matter 
settles to the bottom of tbe vessel and may be 
collected dried and weighed After being 
allowed to dry in the air, the washed wool can 
be freed from vegetable matter by means of 
forceps, and the dry weight of clean wool 
estimated, either by drying in a stream of dry 
air at 105°C , or by exposure to phosphorus 
pentoxide tn vacuo 

Typical analyses of greasy wool are given in 
Table I (Veitch and Benedict, Trans Amer 
Inst Chem Eng , 1924, 16, Pt 2, 259) 


arm, arrector pill muscle Jg , fat gland 

1 1 , basal layer h * hair shaft 

e g , roll gland irs Inner root sheath 

cor , cortex of fibre med , medulla 

der , dermis of skin or* outer root sheath 

*p , epidermis of skin pap , papilla 


of the follicle, in the neighbourhood of the 
papilla, the fibre being extruded aa more cells 
develop below The contents of the cells are at 
first fluid, hut changes occur during their passage 
up the root sheath Such changes result in a 
hardening or keratmisation of the structure, and 
the cross sectional area of the fibre diminishes 
progressively as shown in Fig I 
As it emerges from the skin, each fibre is 
coated with a layer of fat derived from the 
sebaceous gland, which opens on to the fibre 
near the surface of the skin In addition, the 
fibres are contaminated with sumt from the 
sudoriferous or coil glands The latter may 
emerge alongside the fibre, as shown in Fig 1, 
or at the surface of the skin away from the 


On tho average therefore, the fat content of 
greasy wool increases with the quality (fineness) 
of the fibres, but the sumt content is sensibly 
independent of wool quality 
Dimensional Characteristics — Wool fibres vary 
considerably in length, fineness and enmpmess, 
not merely from one type of wool to another, 
hnfc. even- within, a. nmsjjft. etaqJft. Tha average 
fibre length of Shropshire wool for example, is 
only 2 6m, whereas that of Wensleydale wool 
is 12 7 in In the case of Shropshire wool, the 
variation in length is from 1 75 to 3 25 in , and 
in the case of Wensleydale wool from 6 5 to IG 0 
m (Barker, J Text Science, 1924, 1st Special 
Issue, 33) There is no simple relationship 
between fibre length and wool quality, as esti 
mated by the grower, hut the fineness of tbe 
fibres and tbe number of waves or crimps per 
inch, increase with increasing wool quality, as is 
indicated by the data for Memo wools given in 
Table II (Duerden, J Text Inst 1929.20.T93) 
The origin of crimpiness in wool is as yet tin 
known, but a highly significant observation was 
made m 1928 by Lefroy of Walebmg, West 
Australia (quoted by Barker and Noms 
1930, 21, Tl) He noticed that in a certain lock 
of wool, which had been allowed to grow for 
twelve months, the number of crimps produced 
in each successive period of 4 months was 
constant, but the length of wool produced in the 
various periods, and therefore the size of the 
crimps, was distinctly variable This obeerva 
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Table n. 

ANIMAL. WOOL 

* 

Quality f 

Xumber. ! 

Thickness 

limits. 

fr 

r 

; Crimps per in. 

t * 

! 

Above 120's , 

14-0-14-7 

, 28-30: 27-30 

120‘s i 

14-7— 15-4 

- 25-27: 24-27 

100s 

15-4-16-2 

i 22-24 : 21-24 

90's 

16-2-17-0 

1 20-21; 19-21 

SO’s 1 

17-0-17-9 

18-19: 17-19 

70s i 

17-9-1S-9 

16-17: 15-17 

66s 

1S-9-20-0 

, 14-15; 13-15 

64s 1 

20-0-21-3 

. 12-13; 11-13 

60s 

21-3-23-0 

! 10-11; 9-11 

5S's : 

: 23-0-25-5 

S- 9; 7-9 

56's 

: 25-5-29-0 

6— 7 ; 5—7 


tion that crimp is a periodic function of time 
was afterwards confirmed by Norris and Bens- 
burg (ibid. 1930. 21. T4S1), who determined the 
number of crimps in fibres of varying length 
taken from a single staple. Typical results are 
given in Table EU for a 60's-64's Cape Merino 
wool. 

Table IH. 


Length group j Mea ? number of crlmpi ' 

{ om r \ * — ■ 


(cms.). 

! Per fibre. 

Per cm. 

9 -10 

I 

45 

4-74 

10-1-11 

43 > 

4-10 

11-1-12 

43 

3-75 

12-1-13 

45 

3-60 

13-1-14 

45 

3-33 

14-1-15 

; 45 

3-10 

15-1-16 

46 

2-97 


microscopic Appearance . — Under the micro- 
scope, animal fibres are seen to be covered by 3 
layer of overlapping scales, which appear to vary 
in size and shape as shown in Fig. 2 (Manby. 
J. Boy. Microscop. Soc. 1933. 53. 9). According 
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types of wool, the different appearances of 
different types of fibre being due to variations, 
in the rate of growth relative to the number of 
scales formed, and, therefore, in the extent to 
which each scale overlaps another. Such varia- 
tions are clearly indicated by the data of 
Table TV (Hoffmann. Jahrb. Landw. 1925. 61, 
Pt. 5). 

Table IV. 


Wool. 

No. of scales 
per 1,000,000/r 2 
surface. 

Leicester 

1.510 

Southdown 

2.090 

Eskurial 

2.637 

French Merino .... 

2.654 

Bhon 

2,94S 

Hampshire 

3,623 


According to Hoffmann (l.c.) the surface area 
occupied by each scale is characteristic of the 
breed of sheep. 

Apart from the surface scale structure, little 
else is to be seen under the microscope, except 
in the case of hairs and coarse wools, which may 
show dark islands or continuous bands, patterned 
in various ways, along the fibre axis. Such is- 
lands or bands constitute the medulla, which 
consists of hollow cells. The appearance of a 
number of medullated fibres, photographed by 
transmitted light, is shown in Fig. 3, the dark 



b 

Fig. 2. 


a Leicester wool. 

b Moufion wool. > _ n ~,, rnnee of the medulla being uue, of course 

c. d Omi'J r,-y : ,a.ut for Lair. to Scatterin'' of light bv the hollow cell*. True 

• sumk ***** *. 

ie cells of the cuticle are the same for varum- i n, the hairs, tut .me. tti- e 

Vol. V. — 7 


Fig. 3- — Medcllateo Wool Fibues. 
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live sheep consisted of tw o coats — an outer coat 
>f hair and an under coat of wool — there is 
always a tendenct for medullated fibres to re 
appear in the fleet e Tins tendenrj is natural^ 
most pronounced m the Mountain breeds of 
sheep, which are exposed to severe climatic con 
dition9, and their fleeces contain a large propor 
tion of highly medullated fibres, known as kemps 
The hollow character of medullary cells is well 
illustrated by the photomicrograph of a cross 
section of a kempy fibre in Fig 4 When a 



I IQ 4 Choss Sections of Kemp Fibres 


190S, p 244, analysed four wools and obtained 
the data given m Tabic V. 


Tame \ 


riement 

Lincoln 


Northuni 

berland 

South 

down 

Carbon 

52 0 

49 8 

50 8 

613 

Hydrogen 

69 

72 

72 

69 

Nitrogen 

18 1 

19 1 

18 5 

17 8 

Oxygen 

20 3 

19 9 

21 2 

20 2 

Sulphur 

25 

30 

23 

38 

Loss 

02 

1 0 

— 



Too great rebance should not be placed on the 
data however, because the wools were soap 
scoured, and it was not then known that adsorbed 
soap is retained by wool, even after prolonged 
washing in running water 
More rebable data for the nitrogen and sulphur 
contents of animal fibres have since been ob- 
tained by other observers using raw wool which 
had been purified by extraction with benzene at 
a low temperature, followed by washing in water 
Some of Bamtt’a results (J S C I 1028, 47, COT) 
for the nitrogen content of different fibres are 
given m Table VI 


kempy wool is dyed, the kemps m certain cases 
seem to remain uncoloured, but the effect is an 
optical illusion because a lugher proportion of 
white light is reflected by the hollow cells 
Between the cuticle and the medulla of hairs 
and medullated fibres, and within the cuticle of 
non medullated fibres, is the cortex This con 
sists of cortical cells which are not to be dis 
tinguished under the microscope but may be 
isolated m various ways Nathusius revealed 
their presence by treating wool with dilute 
ammonia at a low temperature for many days 
when pressure wa9 applied to the treated fibres 
they disintegrated into their constituent cells 
Waters (New Zealand J Agnc 1923, 1, 35) 
showed that a bacterium isolated from pink 
rotted ” wool is capable of disintegrating sound 
wool under artificial conditions Use was made 
of the bacterium by Gabriel (J Text Inst 1932, 
23, T171) to isolate the cortical cells of Merino, 
Romncj and Lincoln wools On examination, 
the cells were found to vary in length from 
about 70 to 150/i in each case, but the average 
length (400-500 observations) seemed to be 
independent of wool quality The values ob 
tamed were 10G 9 108 and 114p for the Merino, 
Romncj and Lincoln wools, respectively 
Finally, Burgess [ibid 1934, 25, T2S9) showed 
that a 0 25% solution of trypsin at p a 8 G will 
djs integrate wool in about 2 days at 35-40°C 
The mam interest of these methods is that they 
aUow the cortical cells, which are not visible 
under the microscope, to be isolated and 
examined, but the cuticular scales are, of course, 
isolated at the same time 


Chemical Couposmoh. 
Elementary Analysis —Bowman, * Struct 
of the Wool I ibre,” MacMillan A Co , Li 


Table VI 


Fibre 

Nitrogen Content 
(% on dry weight) 

Alpaca (black) 

15 85 

Alpaca (brown) . 1 

16 66 

Alpaca (white) 

17 00 

Dog wool 

Rabbit wool 

16 44 

16 72 

Mohair (fine) 

16 83 

Mohair (coarse) 

16 70 

Lincoln wool (white) 

16 80 

Lincoln w ool (yellow) 

16 62 

Australian Merino lamb 

16 73 

Monte Video wool 

17 07 


The nitrogen content of animal fibres, even the 
nitrogen content of different wools, is distinctly 
variable More definite evidence of the variable 
composition of animal fibres is afforded by the 
results of sulphur determinations 
Originally, Trotman and Bell (ibid 192G, 45, 
10T) claimed that the sulphur content of different 
wools was practically constant, the maximum 
value being 3 42% and the mean of 40 experi 
ments 3 22% Two years later, Marston 
(Bulletin No 38, 1928, Commonwealth of 
Australia Council for Scientific and Industrial 
Research) lent support to this view, but he 
found the sulphur content of Australian wools 
to he outside Trotman’a range, between 3 59 
and 3 52% In the meantime, however, Barntt 
and King (J Text Inst 1920, 17, T380) had 
shown the sulphur content of both wool and 
mohair to bo decidedly variable Because of 
the discrepancy, Bamtt and King re examined 
the question (i6»d 1929, 20. T151) and their re 



100 FIBRES, ANIMAL, WOOL 

the axis the least, 6ulphur No evidence was 
advanced m support of the hypothesis, which 
seems to be untrue because Chamberlain (J 
Text List 1932, 23, T13) showed that when 
human hair, having a sulphur content of 5 02%, 
was descaled until it had lost as much as 15 3% 
by weight, the sulphur -content of the residual 
descaled hair remained unchanged at 5 02% 
The fibres were, of course, non medulla ted 
Although the scales and cortex do not, there 
fore, differ as regards sulphur content, cystine 
is not distributed unifonnlj over the cross 
section of a non medullated fibre Stahheyewa 
Kaverznewa and Gavnlow (Bull Soc chim 
(M6moires), 1937, 4, 647) have, for example, 
shown that the cells isolated from wool by means 
of pancreatin possess a sulphur content of 3 0o% 
compared with 2 91% for the original wool 
Similarly, Speakman and McMahon (Nature, 
1933, 141, 118) found that the sulphur content 
of the cells, isolated, from an Australian menno 
wool by means of trypsin increased with m 
creasing time of retting from 3 61% after 
14 days to 3 87% after 30 days, the sulphur con 
tent of the original wool (intact root ends) being 
3 51% The intercellular pha«e which is re 
moved in both sets of experiments 19 clearly 
deficient m sulphur 

Finally, even though scales and cortex have 
the same sulphur content, they do differ m 
composition, as may be shown by means of the 
Pauly test for histidine and tyrosine (Mark 
* Beitr&ge zur Kenntms der \\ olle und ihrcr 
Bearbeitung,” 1925, p 41 , Burgess, J Text 
Inst 1929,19 T315, Rimmgton, ibid 1930,21, 
T237) Both these ammo acids give a reddish 
brown coloration with diazobenzenesulphomc 
acid, but, although they are known to be present 
in wool, intact fibres give no colour with the 
reagent, except at the cut ends In the case 
of chemically or mechanically damaged fibres, a 
coloration is obtained wherever the cortex is 
exposed, but the cuticle itself remains unstained 
Henco the cortex of animal fibres contains 
tyrosine and/or histidine, whereas the cuticle 
appears to contain neither 
From this bnef survey of analytical work on 
animal fibres, it is evident that they show 
bewildering variation in composition Bj the 
methods described below it has, however, been 
possible to elucidate a skeleton structure — a 
highest common factor of structure — which is 
capable of ready adaptation to include the vana 
tions in the composition of animal fibres 
Amino-Acid Analysis — The argument com 
mences with the fact that when animal fibres 
like wool are boiled with 20° o hydrochloric acid 
solution for several hours, they are broken down 
into the constituent amino acids, which have the 
general formula NH, CH(R) COOH. The 
radical Ii may be inert, </j glycine , basic, « g 
arginine , or acidic, e g glutamic acid By 
suitable chemical methods, the vanons a min o, 
acids present in the hydrolysate may be 
separated, isolated and estimated (Lloyd and 
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Shore, “ Chemistry of the Proteins,” Churchill, 
1938, p 101) The results obtained by vanons 
observers with wool are summarised m Table X. 



Table X 

Substance 

Amount (g ) Isolated from 

100 g dry wool 

Glycine 

0 6 (A A V) 

Alanine 

4 4 (A A V) 

Valine 

2 8 (A & V) 

Leucine 

11 5 (A & V) 

Senne 

2 9 (A A V) 

Prolme 

4 4 (A A V) 

Cystine 

13 1 (M), 15 5 (calc ) 

Aspartic acid 

2 3 (A A V) , 7 27 (S A T) 

Glutamic acid 

12 9 (AAV), 15 27 (SAT) 

Arginine 

10 2 (M), 7 8 (V A B), 8 0(Y 
L \}) frunrari Yiarr 

Lysine 

2 8 (SI) , 2 3 (V A B) , 2 5 (V 
A L) human hair 

Histidine 

6 9 (M) „ 0 7 (V A B) , 0 9 (V 
A L) human hair 

Tyrosine 

4 8 (M) 

Tiy ptophane 

1 8 (M) 

Amide nitrogen 

1 2 (M) , 1 37 (S A T) 


refertnett Abderlialden and VoitmoMCi Z pkj» 
io! them 1907 52 308 Slarston (Ic), Vickery 
and Block, J Biol them 1030,80 107, Vickery and 
Leavenworth tti d 1929 83 o23, Speakman and 
lownend J*ature 1037, 139, 411 

bote The second calculated valne for cystine is 
derived from the sulphur content of Wehh Mountain 
wool p 99 lable VII, on the assumption that the 
whole of the sulphur is present as cystine 

\ ickery and Block’s data for the basic amino 
acids m wool were obtained by isolating the acids 
from the hydrolysate, and the results are pro 
bably low, especially as they fail to account for 
the acid combining capacity of wool Marston's 
values for the arginine and lysme content of 
wool were obtamed by m direct methods and are 
probably more reliable, but his value for the 
histidine content is incorrect Finally, Abder 
halden and Voitinovici’s determinations of the 
dicarboxyhc acids are low because they were 
made before improved methods of estimation 
had been evolved Selecting the more reliable 
data, wherever a choice is possible, the results 
of Table X indicate that from 100 g dry wool, 
83 g amino acids have been isolated and identi 
fied The analysis is, however, less complete 
than such a statement would indicate, because 
the fibre is formed from the amino acids with 
elimination of water, as indicated below 
In agreement with Fischer’s views, the results of 
X ray and chemical studies of the structure of the 
wool fibre indicate that the latter consists of loDg 
polypeptide chains, which are formed by the con 
densation of the ammo acids through a a m ino 
and their associated carboxyl groups as follows 
FL 


—CO — CH — N H— CO— C H— N H— C O— C H— N H— CO 


—Ah— NH— 



Percentage increase in diameter 
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peroxide which is known to oxidise cj stine to in such solvents as are normally employed to 
cyBteic acid the product is capable of solution dissolve silk These and a number of other 
* observations which are given below have been 

used to establish the fact that the polypeptide 
chains of animal fibres such as wool are bridged 
by cystine linkages as shown m Fig 5 The 
figure may be regarded as a skeleton structure of 
the wool molecule and it is obviouslj capable 
of adaptation to take account of variations m 
composition of the fibre variations in sulphur 
content imply variations in the number of 
cystine linkages but the structure remains 
unaltered in its essentials no matter how great 
such variations may be 
As shown m Fig 5 the distance apart of the 
mam peptide chains in the plane of the cross 
linkages must vary m order to accommodate 
cross linkages of varying length In addition 
however it has been established by combining 
the results of X ray analysis (Astbury and Street 
Phil Trans 1031 A 230 75 Astbury and 
Moods ibid 1933 A 232 333) with studies of 
the elastic properties of wool fibres in water 
under various conditions (Shorter J Text Inst 
19 0 4 15 T207 Speakman i bd 19% 17 
T457 Proc Roy Soc I92S B 103 3"7 
Trans Taraday Soc 1929 25 9° Proc Roj 
Soc 1931 A 132 1G7 Astbury and Woods 
„ l c ) tl at the mam peptide chains of un 

P" stretched wool fibres are folded at right angles 

v ia 0 — Swelling of Wool Fibres iv to the plane of the cross linkages ns shown in 
Acids Fig 7 

\ 

-*• CO * 



CH — R 


HN CO 

\ N 

CHR NH 

I 

CHR 

CHR CO 

S' \ " 

oc Mh 

I 

HN CO 

/ \ 

CHR NH 

I 

a keratin 


When the fibre is stretched tie folded struc Jubilee Number 1934 p 43) and \ raj ( 
n re known as a keratin unfolds to give bury and Si«son Proc Ko\ Soc 193o \ 150 
pkeratm shown m Fig 8 Typical \ ray 533) investigations agree in indicating that the 
* °!°C n j * / "k<tburv) of stretched and un long folded peptide chains are linked together 
stretched wool fibres are given in Fig 9 in one plan* by cystine and salt linkages several 

iwtu pnvuco chemical (Speakman Fioc such planes being superimposed to form the 
A 132 1C7, Trans Faraday crystals of the fibre The size of these crystals 
».oe l »33 29 148 J Soc Dyers and Col 1 as also been deduced by physteo chemical 
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and Stott (ibid 1936, 27, T186) have shown 
that when wool is dried from regains below 
saturation, its adsorptive power decreases with 
increasing temperature of drying The reduc 
turn is caused bj partial as well as complete 
drying but not bv drying from saturation, or 
by heating wool dried at a low temperature 
A normal affinity for water may be restored to 
wool, which has been dried at a high temperature, 
by allowing it to reach saturation with water 


vapour, but the reduced adsorptive power of 
wool which has been heated over water at a 
high temperature is irreversible 
(b) Elastic Properties — In accordance with 
the preceding argument and observations, the 
resistance of wool fibres to extension decreases 
with increasing relative humidity Typical 
load extension curves for Cotswold wool fibres 
at 25 C C are given, in Fig 10 (Speakman, xhd 
1927, 18, T431), and the manner in which the 



breaking load and Youngs modulus decrease 
with increasing relative humidity at 22 2°C is 
illustrated by the data of Table XII (Speakman 
JSCI 1930 49, 209T) 


Tabie XII 


Relatlv c 

humidity 

<%> 

Breaking load 
(g /cm 2 initial 
area) 

*oung a 
modulus 
(dynes cm *) 

• 00 

22 1 x 10 s 

4 76 x 10 1 ® 

83 

21 C , 

4 80 , 

34 2 

194 , 

4 19 , 

49 8 

1G 8 , 

3 84 

‘Ub'b 

1 Yb\ 

| 7,"db , 

75 0 

15 4 „ 

1 3 28 , 

100 0 

14 9 

1 81 , 


Even more sensitive to changes of relative 
humidity than breaking load is the torsional 
rigiditj or wool fibres \ nines for the relative 
ngiditj , i e the rigidity compared with that of a 
dr> fibre, of Cotswold wool fibres at different 
relative humidities under adsorption and desorp 
tion conditions at 25°C are given in Table \III 

Table \I 1 I 


Relative humidity (®„) 

0 0 10 0 _oO 317 49., 01 o ~to $07 100 


11? la the rigidity (adsorption) . 

J-000 0 074 00.0 0 80 _ 0 732 0 ,>84 0 450 0 201 0 0 


Relative rljrl llt> (desorption) 

1-000 0 OS. 0 sat 0 709 0 0*0 0 031 0 418 0 10 ’ 0 0 


<S r ly n . Tran® Farada) Soe 1929, 25 92) 
*'i n « P, ^ against the amount of water 
ad'otbed adsorption nnl desorption data ho 


on a common curve, which has three distinct 
sections The intermediate section, covering a 
range of humidity from 23 to 87%, is linear and 
is expressed by the equation 

Relative Rigidity —1 255— 0 047A, 
where A is the amount of water adsorbed 

At constant relative humidity, the resistance 
of wool fibres to extension decreases with rise 
of temperature, as is shown by the load extension 
curves of Fig 11 (Speakman, J Text Inst 1927, 
18 T431) for Cotswold wool fibres in. water 
Besides being dependent on the temperature 
and relative humidity of the atmosphere the 
elastic properties of animal fibres vary with the 
raitc oi ‘loading This may 'be illustrated in “lUt 
first instance by the following data for the ex 
tension at break and breaking load of Cotswold 
wool fibres m water at 18°C under differentiates 
of loading (Speakman, l c ) 


Table XIV — Fibre Diameteb=39/« 


Rate of 
loading 

Extension 
at break 
(%) 

Breaking load 
(g /cm 2 Initial 
area) 

1 g every 2 

70 2 

8 88x10* 

days 

1 44 g / min 

48 4 

17 1 

3 1G „ 

50 9 

18 7 , 

4 90 „ 

50 4 

18 7 „ 

10 72 , 

50 9 

19 3 „ 

15 55 , 

540 

20 0 ,. 

29 G 

54 3 

20 1 „ 

37 4 „ 

544 

210 „ 

700 

53 9 

217 , 


For finite rates of loading, both the extension at 
[ break -and the breaking load increase with in 
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creasing rates of loading, but the rule breaks 
down when the rate of loading is extremely 
small (1 g. every 2 days). When extension in 
water is rapid, fibres may be stretched about 
30% — 27-0% for human hair. 34-5% for Cots- 
vold wool — without significant change of 
properties, i.e. if the fibre is stretched twice in 
succession with a rest of 24 hours between the 
two extensions, the two load-extension curves 
are almost identical. This observation (Speak- 
man, i.e.) has been turned to considerable 
* advantage in recent studies of the properties of 
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the wool fibre. By utilising calibrated fibres, 
i.e. fibres whose load-extension curves have been 
determined np to 30% extension, the influence 
of various reagents and processes may be deter- 
mined without resorting to the statistical treat- 
ment of results obtained with a large number of 
fibres. 

I£ however, the fibre is stretched slowly, or is 
held stretched 'for any length of time, it "under- 
goes permanent weakening at any extension, 
especially when the humidity is hi eh. The 
extent of the weakening, and the manner in 



Fig. 11. 


which it increases with increasing time of strain, 
are well illustrated by the data of Table XV, 
which were obtained as follows (Speakman, 
Proc. Roy. So'c. 192S, B, 103, 377): after 
determining the load-extension curve by rapid 
extension in water up to 30%, each fibre was 
allowed to remain at this extension for a certain 
time before release. The load-extension curve 
was then redetermined in water at -S ; C., this 
being possible because wool fibres possess perfect 
elasticity of form in water at ordinary tempera- 
tures. From the two load-extension curves for 
each fibre, the percentage redaction in the work 
required for a 30% extension, due to relaxation 
at this extension, was calculated. 


Table XV. 


1 

Time held stretched 1 

(Minutes). ; 

! 

Percentage reduction 
in work for 30% 
extension. 

30 j 

6-5 

62 ! 

S'5 

92 

11-5 

161 ; 

19-2 

210 

21-5 

240 

24-4 

240 

24-6 

300 

, 26-7 

1,143 ! 

t 

i 40-3 

i 


A further illustration of the plasticity of wool 
L afforded by the following data (Speakman, I.e.) 


| for the rate of decay of tension in a fibre at 29% 
! extension in water at 2o c C. 


Time 

(minutes). 

, Tension 

(g./cm. 2 ). 

1-05 

i 6-05 X 10 s 

l'7o 

{ 5-S9 ., 

2-90 

5*74 „ 

4-95 

i 5-5S .. 

7-SO 

! 5*42 

11-50 

5-26 ,. 

16-60 

5-11 ,. 

22-55 

4-95 „ 

30-25 

, 4-SO „ 

39-20 

j 4-64 .. 

50*35 

i 4-49 

62-15 

I 4-33 „ 

76-60 

4*1 1 f , 

1.143 

1*07 „ 

i 


rce piasticnv ox — . 

rapid decav of tension in strained fibres, seems 
; o be associated with disulphide bond hydrolysiv 
i>ec-u=e in acid media, where the bond is stable, 
•he rate of decav of tension is small, whereas in 
alkaline media." where the bond is readily at- 
tacked. plasticity is strongly developed For 
mole, the half-tension tune o. fibres at -10, „ 
Extension is 11-7 minutes in A/ 100 sodium 
carbonate solution, compared with 
in water and over 1.0*00 minutc= in -5 ;10 h%«n> 
rhloric acid. 
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As has already been mentioned, animal fibres 
po«sess perfect elasticity of form in water at 
ordinary temperatures, despite their plasticity 
Even after being stretched 70% by slow loading 
in water (Table XIV), they return to their 
original length on being released in water At 
humidities below saturation, howeve-, extended 
fibres fad to return to their original length when 
released, as shown in Fig 12 (Astbury and 
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man (J Soc Dyers and Col 1936, 52, 335} has 
shown that various reagents, e g sodium bisul 
pbite, silver sulphate and potassium cyanide 
which are known to cause disulphide bond 
breakdown, are capable of causing unstretched 
wool fibres to contract to a length less than the 
original length in aqueous solution at the boil, 
it seems clear that such contraction of stretched 
fibres in steam is associated with disulphide bond 



Fio 12 

(a) Tlmc/contractlon curves of Cots wold wool fibres 
stretched to 60% extension and allowed to contract 
freely at constant humidity 1—10% K 11 11 — 60 % 
It 11 III— flj% It II IV— 75% It II 82 5% 
III! M— 90% It II 

(ft) I he recovery after 10 hours of the fibres of 
Tilt 12(a) 


Woods, l c ) The rate and extent of recovery 
increase with increasing relative humidity of the 
atmosphere and a fibre which fails to return to 
its original length at any (low) humidity, gives 
perfect recovery in water 
At raised temperatures, however the elastic 
properties of animal fibres are peculiar For 
example, when a wool fibre is kept at 41 3% 
extension in water at 8fi°C for 30 minutes, and 
then released in water at 18°C , it fails to return 
to its original length the extension after 76 
minutes release is 31 8% (Speakman Trans 
laraday Soc 1029 25 ICO) This set is, how 
ever, eliminated when the fibre is immersed in 
water nt 8R°C after 1 51 minutes immersion 
the extension of the fibre is only 1 4% The 
setting effect increases with rise of temperature, 
and a fibre which has l>een steamed or immersed 
in boiling water nt any extension, shows little or 
no tendency to contract when released in cold 
water Nex crtheless, contraction does occur in 
steam (Spenkman l e ) An exhaustive study 
of the phenomenon has Lecn made by Astbury 
and Woods (I e ) \\ ool fibres were steamed at 

60% extension for various times and then 
released m steam until no further contraction 
took place Their lengths were then measured, 
and the percentage extension or contraction 
of the various fibres is plotted against the 
time of steaming at 50% extension in Fig 13 
lhe curve shows that & fibre steamed for 2 
minutes at V>% extension although possessing 
a set permanent tu coH water can contract m 
steam to a length 30% than the original 
length A rav photographs of the steamed 
stretched fibre* revealed attack on the si le link 
agc« between the peptide chains Since Speak i 


A Normal fibres 
IJ Irradiated fibres 

breakdown That system of mam chain folding 
which is characteristic of a keratin is clearly 
stabilised by the cj stine and salt linkages when 
the former linkages are broken down by steam 
or chemical reagents', further folding can occur, 
and the fibre contracts to a length less than the 
original length (super contraction) When fibres 
are steamed at 60% extension for 16 minutes or 
longer, however, they fail to return to their 
original length when released in steam It is 
apparent, therefore that tho primary process of 
disulphide bond breakdown is followed by one 
of linkage rebuilding The nature of this re 
building process has been established by showing 
that fibres from which the amino groups have 
been removed by means of nitrous acid (dc 
animation) are incapable of taking a permanent 
set even after steaming for G hours m the 
stretched Btate (Speakman, l c ) , and that the 
setting power of animal fibres (human hair) 
decreases in strict proportion to the amount of 
sulphur removed in the caso of baryta treated 
fibres (Speakman and Whew ell ibid 1930, 52 
380) Thus the new linkages which arc respons 
ible for true permanent set, t e set permanent 
to Bteam are formed by interaction of the basic 
side chains of animal fibres and the breakdown 
products of the cystine linkage Since the first 
action of steam on tho latter is to form a sul 
phmic acid 

RCH, S S CHjR+HjO 

■=RCH, S OH+RCH, SH, 

ono possible reaction scheme for linkage rebuild 
ing is os follows 
RCHjS OH+H.NR, 

RCHjS NHRjfHjO. 
In keeping with thi3 v i»w , the linkages character 
istic of permanent set were found to be stable 
in boiling sodium bisulphite solution, and set 
fibres were shown to contain free sulphydryl 
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groups. Farther, the facility with which 
stretched fibres asstime a permanent set in- 
creases with rise of p E np to 9-2. in the case of 
simple alkalis, as would be expected in view of 
the fact that disulphide-bond breakdown is an 
essential preliminary to the acquisition of set. 
Above n E 9-2. there is a rapid decrease in the 
setting power of the fibres, due no doubt in 
part to decomposition of the snlphinic acid, 
which is known to be unstable in alkaline solu- 
tions : RCH 2 -S-OH=RCHO-f H 2 S (Sehoberl. 
Ann alert, 1933. 507. Ill : Collegium. 1936. 412). 
The aldehyde liberated in this way can. of 
course, react with the basic side-chains of 
animal fibres to form a second type of cross- 
linkage between the peptide chains : 

RCHO-yH„NR 1 =RCH -. NR x -f H 2 0. 

Some such linkages have, in fact, been detected 
in fibres set at p s 9-2 (Speakman and Stoves, 
•J. Soe. Dyers and Col. 1937, 53. 236), but the 
reaction can hardly be a primary one in setting 
processes, because so few — CH ; N — linkages 
are to be found in fibres set by means of sodinm 
sulphite and sodium bisulphite, instead of 
simple alkalis. If — S*NH — bond formation 
is the primary reaction, the action of snlphites 
and bisulphites as setting agents is readily 
explained in terms of the following equations : 
(1) RCH 2 -S-S-CH 2 R-(-Na„S0 3 ~ 

=RCH 2 -SNa"-fRCH„-S-S0 3 Na 

RCH 2 -S-SO,Na-yH 2 NR 1 

==RCH 2 -S-NHR 1 -rNaHS0 3 . 
'2) RCH 5 -S-S-CH 2 R-r NaHS0 3 

=RCH 2 -SNaARCH 2 -S-S0 3 H 

RCH 2 -S-S0 3 H-fH,NR i 

=RCH,-S-NHR 1 -bH 2 SO,. 

In effect, therefore, a single reaction-mechanism 
serves to explain the action of alkalis, sodium 
sulphite and sodium bisulphite as setting agents, 
but side reactions leading to — CH : N — bond 
formation are not to be excluded, particularly 
where the setting medium is alkaline. 

(c) Ehclrirr.l Cordndirity . — As would be ex- 
pected. the electrical conductivity of textile 
fibres increases with increasing relative humidity 
of the atmosphere, i.e. with increasing amount of 
adsorbed water (Murphy, J. Physical C'hem. 
1929, 33. 299, 599 : Murphy and Walker, ibid. 
1928, 32. 1761). The specific resistance of wool 
fibres 1= shown as a function of their water 
content in Table XYT (Marsh and Earp, Trans. 
Faraday Soc. 1933. 29, 173). 


Table XVI. 


Belatrre 
humidltv 
(%). ' 

I 1 

Water content ; 

| (% on drv 1 

r weight). I 

SpeciSc 
resistance 
(ohms ’em.). 

53 

12 

‘ 1-6x10’ 

63 

j 14 

1-5 x 10 s 

71 

16 

2-3 -- 10 T 

79 

, 1S 

fi-OxlO’ 

S3 

£X» 

2-5;<10 

86 

22 

1-3x10 


^ (d)_ Thermal Conductivity.— The thermal con- 
ductivity of textile materials and fabrics has 
been studied by many observers, but the results 
serve to show that the warmth properties of 
fabrics are due primarily to the low thermal con- 
ductivity of the air trapped in the fine capillary 
spaces between the fibres and threads. Both 
Sale and Hedrick (Technologic Papers of the 
U.S. Bureau of Standards, Xo. 266) and Speak- 
man and Chamberlain (J. Text. Inst. 1 93* ►. 21. 
T29) have derived expressions for the thermal 
resistance of wool fabrics in terms of their thick- 
ness and density. More recently, it has been 
argued (Cassie. King and Atkins, Mature. 1939, 
143, 163) that the warmth properties of textile 
materials in service on the human body may be 
accentuated by the fact that they adsorb water 
with evolution of beat. Thus, on passing from a 
warm, indoor atmosphere of low relative 
hnmidity to a cold, outside atmosphere of high 
relative humidity, the body does not experience 
a sharp change of temperature on account of 
the heat evolved by the textile fabric as it 
adsorbs water. 


Cheshcal - Properties. 

Water . — Besides being capable of severe 
attack on the strained disulphide bonds of 
animal fibres at 109'C.. water causes disulphide- 
bond breakdown to a limited extent at 55 C C. 
(Speakman. ibid. 1933. 132. 930). In presence 
of light, however, the reaction between water 
and cystine linkages takes plac-e rapidly at 
ordinary temperatures, sulphur being lost as 
hvdrogen sulphide: RCH„-S-S-CH,R— H„0 
=RCHoSH-f-RCHO-f H 2 S~. The validity of 
thU reaction scheme has been established by 
Speakman and McMahon (Trans. Faraday Soc. 
1937, 33, S44), who determined the acid and 
alkali titration curves of intact and exposed 
wools. On account of the presence of excess sul- 
phydryl groups in the exposed wooL it possessed 
an" increased affinity for alkali. The presence of 
aldehvde groups in exposed wool was estab- 
lished by qualitative tests, but quantitative 
determinations of aldehyde content were later 
carried out by condensing the wool with semi- 
carbazide and p-bromopbenylhydrazme (Race, 
Rowe. Speakman and Vickerstafr, J. Soc. Dyer? 
and Col. 1938, 54. 141). That the sulphur lost 
bv wool during exposure to light and air is brst 
liberated as hydrogen sulphide, has been es,ab- 
lished bv Harris (J. Res. Mat. Bur. Stanu. 193s. 
20. 563)*. who irradiated wool in an atmosphere 
of nitrogen. In air. however. _the hydrogen 
sulphide undergoes rapid^ oxidation o - P *** 
dioxide and sulphuric acid pietmier and Re}, 
Compt. rend. 1926. 183. 595). , 

On account of such disulphiae-bond brea - 
down in exposed wool, the latte, swe - -• 

greater extent than untreated wool in aqueou- 

solmions (von Bergen Textilber- 19^. 4 ^3 

1005 6 745 : 1926. 7. 4nl) with the result that 
extwred wool is dved more deeply than mine 

_ , 1 , rrvsf alloidal dy«>. r*ven n u- 

orti.n l-nd dveins is made level by using dis- 
SSarenis'-.sith colloidal dyes ana excess 
^M rrithWalloidal dyes, the dyemr becomes 
unlevel as regards hue on after-chroming. Th - 
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further defect was found to he due (Race, Rowe 
and Speakman, J Soc Dyers and Col 1938, 54, 
169) to the presence of excess reducing groups— - 
aldehyde and sulphydryl groups— in exposed 
wool The chromium deposited in exposed wool 
during after chroming is more fully reduced than 
that deposited in intact wool, and a difference in 
hue results A remedy for the defect was found 
(Race, Rowe and Speakman, l c ) by pretreating 
the wool with a solution of basic chromium 
acetate m dilute acetic acid for 30 minutes at 
40°G before dyeing The best chromium acetate 
for the purpose is the one which is one third 
basic (idem, ibid 1939, 55, 69) When the 
inorganic polymer enters the fibre, it combines 
with the eulphydiyl and other side chains, thus 
minimising the reducing properties of exposed 
wool In addition, cross linkages are formed 
between the peptide chains, and level acid 
dyeings can he obtained on wool containing 
exposed and unexposed fibres without resorting 
to modified dyeing conditions 
Disulphide bond breakdown not merely causes 
Increased swelling of wool fibres but also pro 
motes their solution It is not surprising, there 
fore, that peptides pass into solution when wool 
Is boiled m water (Gardner and Carter, tfiid 
1898, 14 161), especially as peptide bonds may 
undergo hydrolysis under these conditions 
Acids and Alkalis — Since the main peptide 
chains of wool are bridged by salt linkages 
(Fig 5), the fibre is amphoteric Speakman 
(ibid 1925 41, 172) showed that combination 
with acid commences at p H 4 8, and it was 
assumed that the isoelectric point of wool i« at 
this p a value In the same year, Elod (Z angew 
Chem 1925, 38, 837, 1112), using a different 
procedure, obtained an almost identical value, 
p a 4 9, for the isoelectric point Some dis 
agreement was introduced by Meumer and Rey 
(Compt rend 1927, 184, 285) when they found 
the swelling of wool to be a minimum at p H 
3 G-3 8, but the method of experiment was 
faulty A revised procedure (J Soc Leather 
Trades’ Chem 1927, 11, 285) showed minimum 
swelling at p n 4 (M 5, in closer agreement with 
Speakman and Elod s values Even the lm 
proved method of experiment did not give a 
precise measure of swelling, and there seemed 
to be no reason to doubt that the isoelectric 
point of wool is at p n 4 8-4 9 until Harris (J 
Res Nat Bur Stand 1932, 8, 779) obtained a 
value of pn 3 4 for the isoelectric point of wool 
by measuring the migration man electric field 
of wool particles suspended in buffer solutions 
of various p n values Later, however. Hams 
accepted the value p H 4 2 for the isoelectnc 
point of wool particles, and p n 4 6 for cortical 
cells and scales (cf Soohne and Harris 
Text Res , 1939, 9, 437) He attributes the 
error of his first determination to the specific 
effect on wool of the phthalate buffers used, but 
Speakman and Stott (Trans Faraday Soc 1934, 
30, 539) failed to detect any difference between 
a phthalate buffer and a hydrochloric acid— 
sodium chloride solution, both at p„ 3 4, as 
regards their effect on the resistance of wool 
fibres to extension In the light of this and 
other evi lence (to be given later), there appears 
to be no reason to doubt that the point at whieh 
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wool begins to combine with acid is afcp H 4 8-49 
Whether this p H value is to be regarded as an 
isoelectnc point or not is discussed below 
In view of its importance ui connection with 
dyeing processes, the combination of wool with 
acids has been studied by many observers, but 
the early data relate to wool which was not 
brought to p H 4 8-4 9 before use, and combina- 
tion was studied as a function of the concentre 
tion of the solution (Georgievics and Poliak, 
Sitzungsber Kaiserl Akad Wiss 1911, 120, 
(2b), 465, Dietl, KolIoidZ. 1914, 14. 319, 
Fort and Lloyd, J Soc Dyers and Col 1914 
30 5, Meyer, Textilber 1926, 7, 605) UBing 
different wools adjusted to Pa 4 8, however 
Speakman and Hirst (Trans Faraday Soc. L933 
29, 148) and Speakman and Stott (ibid 1934,30, 
539) have determined the titration curves with 
hydrochloric acid The results revealed no 
significant differences between wools, indicating 
that the fibre is constant m composition in at 
least one important respect, viz its content of 
basic ammo acids Maximum acid combining 
capacity was observed at p H 1, and, in agree 
ment with Meyer s conclusion, the amount of 
acid combined was found to be 80 c c N/l acid 
per 100 g dry wool This value is what would 
be expected in terms of Marston’s data (Table X) 
for the content of arginine and lysine, and 
Hams determinations of the ammo nitrogen 
content of wool (J Res Nat Bur Stand 1935, 
14 5G3) The behaviour of wool with other 
acids is, however, peculiar, as shown m Fig H 
(Speakman and Stott, Trans Faraday Soc 1935, 
31, 1425) In keeping with Loebs results for 
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P r° l n r u - S c B, eral (“ Proteins and the Theory 
ot Colloidal Behaviour,’’ McGraw-Hill Book 
Company. 1922, p. 40), oxalic and phosphoric 
acids i end to behave as monobasic acids, but the 
case of monochloroncetie acid is peculiar. Like 
other weak acids, it causes intense swelling of 
wool nbres when the solution is concentrated 
(Speanraan and Stott, Trans. Faradav Soo. 19.34, 
30, o39)_. Since this exceptional type of swelling 
is associated witli a large amount of combined 
™. r ; n , d a high heat of reaction (idem. ibid. 
H.1S, o4, 1-03), it has been argued that all three 
phenomena arc due to the separation of the 
superimposed sheets of co valent] v-iinked peptide 
■ c “ alI ? s ';' llich form the micelles. ‘The separation, 
which is due to the high swelling pressure 
developed in accordance' with the“ Procter- 
IWFon theory (J.C.S. 1910, 109, 307, results in 
the liberation of those — NH : — groups for eom- 
bmation with acid which were at'first associated 

'Y 1 . CO — groups of neighbouring peptide 

chains. " ~ 

On account of their intense swelling in con- 
centrated solutions of weak acids, wool fibres 
offer less resistance to extension in such solutions 
than in solutions of strong acids at the same 
Rii va lac (Speakman, ProcT Roy. Soc. 1931. A. 
Son’ ^ oc - k^ther Trades’ C’hem. 1933, 

-~J; Speakman and Hirst, l.c.). Nevertheless, 
the reduction in the resistance of wool fibres to 
extension in solutions of hydrochloric acid is a 
linear function of the amount of combined acid, 
and is the direct effect of salt-linkage breakdown, 
which facilitates unfolding of the peptide chain? 
c unng fibre extension. The small contribution 
made by .swelling is evident from the fact that 
the maximum reduction in the resistance of 
fibres to extension in solutions of hydrochloric 
acid containing salt in -Y/5 concentration as a 
swelling depressor, is no less than in solutions 
of hydrochloric acid in water. Support for this 
conclusion is to be found in the properties of 
wool (Speakman and Stott, Mature, 
irri Sookne and Harris’ attempt 

it i 3 ’, at ’ Bur - Stand - I937 > 19 » 535) to refer 
A.® ac id to the induced swelling, 

t° the direct effect of salt -linkage 
^ as ^° en shown (Speakman, Amer. 
yestnff Rep. 1938, 27, P16S) to be erroneous. 

. addition to simple combination with the 
asm ade-chains of salt linkages, more com- 
plicated reactions may' occur, especially at high 
emperatures, -with certain acids. According 
M Darns, Mease and Rutherford (J. Res. Mat. 

, ur ’ ‘gtand. 1937, 18. 343), for example, a sul- 
P amie acid is formed when wool is treated with 
a concentrated solution of sulphuric acid : 

R -NH 2 -nH„so 4 -^R-NH a -HSO., 

->R-NH-SO,H-i-H.O. 

TTia . 3 ~ 

same reaction is presumed to occur when 

a n°- f oa ~ :ed ™ dilute sulphuric acid is dried at 
,, ■- temperature, and-the loss of basicity in 

13 assumed to be responsible for the 
. - ' eneets against acid dyes, which are some- 
me^ produced in the carbonising process. In 
this explanation, Harris and his col- 
^ ors overlooked the fact that tyrosine 
,5" e sulphonated in the cold bv concentrated 
P nne acid, and most of the effects they 
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observed can be explained equally well on this 

?? 1C ca f of nJtrk acid « even more 

ompheated than that of sulphuric acid, and 

*\ een examined in any detail, 
finally, it should not be overlooked that boiling 
dilute acids are capable of hydrolysing the 
peptide bonds in the main peptide chains of 
wool, as would be expected from the fact tlu* 
boiling 20% hydrochloric acid is used to dis- 
solve wool for the purpose of amino-acid 
analysis. 

The alkali-titration curve of wool was first 
determined by Speakman and Stott (Trans, 
faraday ,_oc. 1934, 30, 539) and it was found 
that little or no combination with alkali takes 
place below p I{ 7. This result is in strict con- 
formity- with the observation of Speakman and 
Hirst (Lc.) that the resistance of wool fibres to 
extension in A /5 salt solutions containing various 
amounts of hydrochloric acid or caustic soda is 
independent of p E between p R 5 and 7. It was 
on the basis of this observation that Speakman 
and Hirst suggested that p H 4-S must not be 
regarded as an isoelectric point, but rather as 
one end of a Pn-stability region extending from 
about pjj 5 to 7. The titration curve of wool 
supports this view, and Elod’s failure to agree 
may be due to the fact that he has not taken 
account of the effects of disulphide -bond break- 
down on the alkali-titration curve of wool. It 
has already been mentioned that when wool 
fibres are exposed to light and air, the disulphide 
bonds undergo hydrolysis and sulphydryl groups 
(cysteine side chains) are liberated. The' titra- 
tion curves of intact (root) and exposed (tip) 
sections of Mew Zealand Romney wool staples 
are shown in Fig. 15 (McMahon and Speakman, 
Trans. Faraday Soc. 19 37, 33, S46). On account 



Fig. 15. — Titratiox Curves of Intact 
a>u Exposed Wools. 

of the presence of excess sulphydryl groups in 
the exposed wool, it possesses a greater affinity, 
for alkali than intact wool at the same p H value. 
In the light of these results, it seems probable 
that if Elod were to apply his procedure to 
intact wool, it would be found to show an iso- 
electric region from about p B 5 to p E 7. 

The affinity of intact wool for alkali is not due 
solelv to the acid ade-chains of salt linkages, 
because the disulphide bonds are attacked at 
high values. For this reason, the titration 



110 FIBREb, ANIMAL, WOOL 

curve at pa values above 10 is valid only for tlie 
particular time of experiment employed 
Harris (J Res Nat Bur Stand 1939 22, 535) 
has made an attempt to determine the true 
limiting base combining capacity of wool by 
working at 0°C and correcting for the effects of 
disulphide bond attack He finds a value of 
70 cc A/l NaOH per 100 g dry wool, in fair 
agreement with the requirements of the salt 
linkage hypothesis 

The nature of the decomposition undergone 
by cystine linkages m alkali appears to be similar 
to that caused by exposure to light and air 
(see p 09c) 

RCH Z S S CHjR+H 2 0 

=RCH 2 SH+RCH 2 S OH. 
RCHjS OH+NaOH 

=RCHO+NaSH+H a O 
This view is in agreement with the work of 
Schobcrl and Wiemer (Annalen, 1933 507, 111) 
and is supported by Crowder and Harris obscr 
vation (J Res Nat Bur Stand 1936 16 475) 
that half the sulphur may be removed from wool 
by treatment with caustic Boda solution m 
absence of oxygen 

Although the nature of the decomposition of 
disulphide bonds by alkalis such as barium and 
calcium hydroxides may differ from that caused 
by sodium hydroxide, sulphur is removed and 
aldehyde groups are formed in all cases The 
fate of the aldehyde appears to be to combine 
with the basic side chains of wool to form 
— C H N — linkages between the peptide chains 
This suggestion was made by Phillips {Nature, 
1930, 138, 121) to explain the action of amines 
in assisting the unhairing of skins by fresh Ume 
liquors, and the effect of alkali treatment in 
opposing unhainng Spcakman (i6id 1936, 
138, 327) has obtained evidence of the existence 
of — CH N — linkages in fibres treated with 
caustic soda, and the function of the amines ns 
unhainng assistants is obuously to present 
cross linkage formation in the fibres by taking 
the. place of the basic aide chaws, w. ccwdensaUcw 
with the aldehyde Besides the — CH N — 
type of cross linkage, some evidence has been 
obtained (Speakman, l e , Speakman and 
Whewell, J Soc Djers and Col 1930, 52, 380) 
that — C S C — linkages are also formed when 
wool is treated with alkalis 
The peculiarities of the action of concentrated 
caustic soda solutions on wool at low tempera 
tures veto first revealed by Buntrock (Forben 
7 tg 1898, 9, 09), who studied the effect of treat 
mg wool jam with solutions of \anou3 con 
eentrations Fnch sample was immersed in 
caustic soda solution for 10 minutes at room 
temperature and then freed from alkali bj 
neutralisation with acid and washing in water 
The strength of the dried jorn decreased con 
tinuouslv with increasing concentration of alkali 
up to l r > u 0 (g /I00 g solution) and then increased 
until a strength 30% greater than the original 
was attained with 38% caustic soda solution 
Treatment of wool jam with 3S% tau«tic soda 
solution w as then fore recommended as a 
" mercerising ” process for increasing the 
strength and lustre of wool It has since been 
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shown by Speakman (J S C I 1929, 48 321T) 
that 38% caustic soda solution has itself no 
action on wool fibres because it has the com 
position of the hjdrate, 2NaOH,7H z O, and 
is used at a temperature near its freezing point 
(15 5°C ) The increased strength and lustre 
realised by the “ mercerising process are due 
simply to surface attack on the fibres by the 
dilute alkali formed during neutralisation and 
washing off 

Belucmg Agents — Alkaline reducing agents 
have a powerful destructive action on wool 
owing to disulphide bond attack To be effec 
tive, the Pa value of the solution should be at 
Pa 11 or above (Marriott, J Soc Leather Trades 
Chem 1925, 9 618), presumably because dj 
sulphide bond hydrolysis precedes reduction 
In the case of sodium sulphide, for example 
the course of the reliction seems to be as follows 

RS sr+h 2 o_rsh+rs OH 

RSH+Na 2 S 2 +K 2 0 

The liberated sulphydryl groups combine with 
alkali a powerful swelling pressure is developed, 
and the fibre is gelatinised and dissolved This 
is the basis of the unhainng process of the 
leather trade, where lime liquors are used as 
depilatories Old lime liquors are supenor to 
fresh liquors because they contain a reducing 
agent, calcium sulphide, derived from the action 
of lime on w ool or hair in previous treatments 
The calcium sulphide by reducing the sulphmic 
acid as soon as it is formed, prevents its decom 
position to give an aldehyde, and the 
— CH N — cross linkages which would oppose 
gelatimsation oi the fibre are not formed 
Sulphur dioxide sodium sulphite, sodium 
bisulphite and sodium hyposulphite also find 
industrial use as bleaching and stnppmg agents 
King (J Soc Dyers and Col 1930 46 225, 
JCS 1927, 2039, 1929, 001, BP 332389) 
found that sodium sulphito and sodium bisul 
phite are best used together in the proportions 
represented approximately by the formula 
2NaHSO a Na 2 SO a and in such concentration 
that the SQ 2 content of the solution is 2% 
Since the p H value of the solution is 0 8, the 
process Ins come to be known as the ‘ neutral 
bleach ’ One of its merits is that it imparts a 
soft handle to the material, due no doubt in 
part to the action of the sulphites m causing 
partial breakdown of disulphide bonds 

RS SR+NaHSO a =RSNa+RS SO a H 
A more common industrial bleach is that given 
by sulphur dioxide obtained by burning sulphur 
in a closed chamber containing the materials to 
be bleached Having been soap scoured, the 
wool is originally alkaline, and exposure to 
sulphur dioxide causes the formation of sul 
phites in high concentration A study of the 
process has been made by Phillips (J Soc 
Djers and Col 1938 54, 503) who has obtained 
conclusive proof of disulphide bond breakdown 
with formation of S cjstcinesulphonate side 
chains 

The damage caused by disulphide bond break 
down with either acid or alkaline reducing agents 
may be repaired, to some extent at least, by 
after treatment of the wool with either oxidising 
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agents or salts of polyvalent metals (Speakman, 
ibid. 1936, 52, 423). Treatment with reducing 
agents, followed by oxidising agents or metal 
salts. lias also been made the basis of methods 
for imparting a permanent set to animal fibres 
at low temperatures (Speakman. B.P. 453700 
and 453701). 

Oridisir.g Agents . — Oxidising agents have a 
destructive action on animaf fibres, such as 
wool and hair, owing to disulphide-bond attack. 
The action of hydrogen peroxide has been 
studied in some detail by Harris and his col- 
laborators (J. Res. Nat. Bur. Stand. 1936. 16. 
301, 309; 1936,17, 577; 1937, 18, 623 ; 193S, 
20, 555, 559 ) on account of its use in commercial 
bleaching processes. Under the correct con- 
ditions, the cystine content of the fibres de- 
creases, even though the sulphur content re- 
mains unchanged. Ibis is due to oxidation of 
the disulphide bond, presumably with formation 
of a disulphoxide. Since the latter is more 
readily hydrolysed than - the disulphide, the 
alkali solubility of peroxide-treated fibres is 
greater than that of untreated fibres, and alkaline 
hydrogen peroxide is parfdcnlarly destructive 
in its action on wool. In commercial practice, 
however, little control appears to be exercised 
over the p E of peroxide-bleachins baths (Weber, 
J. Text. Inst. 1933, 24, P17S). 

More powerful oxidising agents, e.cr. chlorine 
peroxide, are capable of oxidising cystine to 
cysteic acid (Schmidt andBraunsdorf, Ber. 1922, 
55, [B], 1529: Schmidt, Haag and Sperling, 
ibid. 1925, 58, [B], 1394), and wool treated with 
this reagent can be dissolved readily by such 
solvents as are normally used to dissolve silk. 

Halogens . — Chlorine and bromine have a 
particularly destructive action on the disnlphide 
bond in presence of water (Douglass and John- 
son, J. Amer. Chem. Soc. 193S, 60, 14S6), and 
the use of chlorine water or hvpochlorous acid 
to impart an unshrinkable finish to wool is 
based on this reaction. The process has been 
studied bv numerous observers (Trotman, 
J-S.CI. 1922, 41, 219T; 1926, 45, 20T, 111T; 
Speakman and Goodinss, J. Text. Inst. 1926, 
17, T607 ; Edwards, j“S.C J. 1932, 51, 234T). 
According to Speakman and Goodings, the un- 
shrinkable finish is dne to the fact that the 
surface scale structure of the chlorinated fibres 
is rendered inoperative, as regards shrinkage, by 
a layer of jelly which is formed as soon as the 
attacked structure is treated with alkali (soap 
and soda). Such gelatinisation is due, of course, 
to the action of chlorine in causing disulphide- 
bond breakdown. Attack should be restricted 
to the surface of the fibre, since the surface.scales 
are responsible for shrinkase (Speakman. Stott 
and Chang, J. Text. Inst. 1933, 24. T273), but 
this is difficult of realisation when aqueous solu- 
tions of chlorine are used. The Wool Industries 
Research Association. Kins and Galley (B.P. 
■41 < / 19) hare, however, taken advantage of the 
inaccessibility of drv fibres to reagents the mole- 
cules of which are lamer than the 7i-propyl 
alcohol molecule (Speakman, Trans. Faraday 
Soc. 1930, 26, 61) to ensure surface reaction : 
chlorine is applied as a gas to wool of low water 
content, with successful results. In a still 
more recent process (Hall, Hicking and Pente- 


cost, B.P. 464503) surface reaction and an un- 
shrinkable finis h are realised by treating wool 
with a solution of sulphuryl chloride in white 
spirit. The disulphide bonds are attacked in 
much the same way as with chlorine, for it has 
been shown (Speakman, Xilssen and Elliott, 
Nature. 193S, 142. 1035) that dibenzyl disulphide 
is converted into benzylsulphonyl chloride and 
benzyl chloride by treatment with a solution of 
sulphuryl chloride in ether at a low temperature. 

Although the main point of attack by halogen^ 
is the cystine linkage, the reaction with animal 
fibres is complicated and the possibility of 
attack on peptide bonds and tyrosine side-chains 
should not be -overlooked (Stinn and Colie, 
Textilber. 1935, 16, 5S5, 667, 795 ; vom Hove, 
Ansew. Chem. 1934, 47, 756 ; Haller and Holl, 
Textilber. 1936, 17, 493). 

Inorganic Salts . — Chief among the inorganic 
salts used in commercial practice on wool must 
be ranked the chromates and dichromates. 
Applied to wool from neutral or acid solution, 
and in presence or absence of reducing agents, 
oxides of chromium are deposited in the fibres 
to serve as mordants in dyeing processes. The 
chromic acid at first combined with the ba.sic 
side-chains of the fibre is reduced, either by di- 
sulphide-bond attack, or by the reducing agents 
present in the mordanting bath. 

Disulphide-bond attack is also the basis of the 
use of mercuric nitrate and nitric acid in the 
carrotting process for increasing the felting 
power of rabbit and hare fibres. Mercuric 
chloride in acid solution likewise promotes di- 
sulphide-bond breakdown at temperatures above 
40‘C. (Speakman and Coke. Trans. Faraday 
Soc. 1939, 35, 246) according to the equation : 

RS-SR4-HgCL=RSCl-t RS-HgCl. 

Si mil arly, the use of thiocyanates for shrinking 
(ereping) wool textile material?, is due to the 
fact^that under slightly alkaline conditions, the 
steaminn process gives rise to hydrosuJpkid«, 
which, as indicated above, cause disulphide-bond 
breakdown andsuper contxaction( Justin -Mueller, 
Rev. Gen. Mat. Col. 1937. 41, 419,1. 

O manic Compounds . — The reactivity Oi wool 
with" organic compounds has been studied only 
to a very limited extent, owing mainly to the fact 
that the drv fibre is accessible onlv to c-om- 


viz. water, methyl alcohol, ethylene glycol, 
formic acid and acetic acid, are them -eh e-- 
reactive with the compound? which migin no 
expected to attack wool. Animal fibres fan 
of course, be acetylated. with reduction m the.r 
affinity for acid dyes, but details oi t ■ com 
mercial process are not available. 
combines with the basic side-cnams of wooUo 

^ ve N:CO side-chains, and formali--. 

and quinone condense with the amino S T ' jU f ' 
the same side-chains. In the last ease, ere--- 
linkage* of the following type: 

OH 


X NH — 


OH 
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are formed between the peptide chains {Speak 
man and Coke Ic.) but the reaction is com 
plicated and all its features have not jet been 
elucidated 

J B S 

FIBRES, ARTIFICIAL or RAYON 
The idea of imitating silk with arttficiallv pro 
duced fibres is an old one being mentioned in 
lGGo m Hooke is Micrograpl a p 7 and 
a^ain in 1734 n Rtaomurs Hi toire des 
In ectcs I 154 Havever it was not until 
the nineteenth centun that there was any 
record of the actual production of artificial fibres 
Contemporaneously with the starting of the 
firet practical processes of manufacture the 
erni artificial <ilk was corned in 1885 
Vbout this time the high price of real silk which 
was not less than lGs per lb from 1900 till 
1930 (FI gge Rolneide Bibl ograph Inst 
\ G Leipzig 193G) was no doubt the induce 
ment to attempt its imitat on But since then 
steadily falling costs of production and increasing 
technical skill have made it po*s ble to imitate 
other fibres so that tl e term artificial silk 
has graduallv become n ore inapt Be ides this 
it was felt even before the war (1914-18) that 
artificial «ilh a as an m vorthy name for a 
product which ha 1 a claim in its own right to a 
place among the textile fibres (Douglas J Soc 
Dvers and Col 1914 30 1"S) The term 
ravon which was coined in ^men a as the 
result of a competit on m 19 ’4 has been sub 
stitutcl as the generic nam It was stated 
recentl\ that rayon properlj de cnbes all 
t j pcs of synthetic fibres who«e basic raw 
material is cellulose (Rep on Dev and Use of 
Rnjon and Other Svn Fibres Dept of Agnc 
USA 193S) but the term is generallj used 
to describe artificial and syntliet c fibres whether 
made from cellulo e or not although it should 
be mentioned that the British Celane«e Companj 
1 as not accepted the term ns applied to their 
product (Text Manuf Suppl May 1936 
p xxxv) 

recently new synthetic fibres have been 
produced by Du Pont de Nemo irs in the 
United States which appear to be the first true 
artificial silk since not only in appearance but 
also in physical and chemical properties they are 
similar to silk It must be remembered that 
•imilar claims have been advanced in the past 
and have not been substantiated but the claims 
of the new fibres ( * Nylon ) appear more sccurelv 
grounded If thev prove as sati factory as is 
claimed there mav be an important repercussion 
m tl e Japanese-United States trade in natural 
silk since Japan s silk exports are about 15 0 o 
of her total exports and about 80° o of her silk 
exports are taken b> the United States 
Con/ nuou.f Filament Rayon 1 ams — The pro 
duction of continuous flaments bv artificial 
means began in. France in 1 8S9 following quickly 
m Germans and England but \menenn pro 
duction did not begin until 1911 Italian until 
1913 and Japanese until 19' ,> However m 
spite of their late starts the United States and 
Japan are now the leading producers being 
responsible together for 4“° 0 of the total world 
production in 193s t Indistnal Fibres 
HMSO 1939) 
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World Production or RaioV and Other 
Fibres 


Year 

Contin 

flla 

meet 

rayon 

Rayon 

staple 

fibre 

snk. 

Wool* 

Flax 

Cotton 


Million pounds per annum. 

iiiii 

IS 

o5* 

4o3* 

991* 

0 

l 

9S°* 

3 * 
50* 
«* 
130* 

no* 

‘l” 5 
2,“00* 
° "40* 

1 1 ill 

10 500* 
10000* 
1°400 

14 000* 


1 t aloes shown are 5 ° 0 of the greasy wool clip 
* Flugge Konstseide Bilbiograpl Inst \ G 


* Industrial Fibres H 31 S 0 1939 and 1939 

* FlUgge Itohseide Bibliograph. Inst. A G Leip- 
zig 1936 

s Survey of Textile Indu tries n 31 S O 19-3 

* 3ear Book, National Assoc of Cotton Sian 
Boston USA 19 n 7 p "61 

The rate of increase of world production of 
rav on has been 20° o per annum with slackenings 
corresponding to the war (1914-18) the economic 
crisis of I9’9 and the over production m 1937 

\n important ca ise of the increased con 
sumption which has absorbed the increased 
production has been the fall in vara prices 
which 1 as occurred since 1918 In England 
150 denier viscose rayon prices ro e from 5s 3d 
per lb in 1913 to a peak of 19s 3d per lb in 
Februarj 19°0 but have since fallen steaddr 
having reached Gs per lb bj 192" ( Survey of 
Textile Industries H M S 0 19 S p 304) 
Subsequently prices continued to fall until by 
1933 thej bad reached 3s 6 d per lb at winch 
time acetate rayon had fallen to abont the same 
price as nscose though previously it had been 
considerablj dearer In the winter of 193S 
viscose yarn prices reached a minimum at **a Gd 
per lb for 150 denier 27 filament viscose yam 
on pirn ( Industrial Fibres H.JI S O 1939) 
but since then there has been a tendencj for 
pnees to rise again The price was 2s 10Jd per 
lb in February 1940 for normal viscose bit the 
prices of Courtaolds strong yam Ttna*eo and 
of Celanese strong yams 31 and W\ are higher 
During the period under consideration there 
lave been two price changes imposed on the 
industry an excise duty of 1« per lb intro 
duced in 1924 and its subsequent reduction 
to 6 d per lb in July 1934 Silk wool and 
cotton prices at their different levels have 
shown similar trends to rayon prices in the 
period 1913-39 American rayon prices rose 
from 1 90 dollars per lb in 1911 to a peak of 
4 77 dollars per lb in 1919 and 6ince then have 
fallen at first rapidly and afterwards more 
elowlj (E FlOgge Kunstseide Bibliograph 
Inst V G Leipzig 193G) to a minimum at 
0 49 dollars per lb in the summer of 193S for 
first quality viscose j am ( Industrial Fibres, 
HJI S O 1939) The price of nylon in Dccem 
ber 1939 was 3 2o— 4 5o dollars per lb for 
hosiery knitting yams and was only very 
slightly less than the price of similar a Ik varns 
(Textile World 1940 90 No I 5**) 

1 Tl e denier count of artificial »Uk yam is the welsh* 
In gram* of metres 
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Tam prices, which in turn have been con- 
trolled to a large extent by production costs, 
have been one of the main factors which have 
affected the fortunes of the different rayon 
processes. The other factors have been general 
wearing qualities and the abilitv to produce 
novelty effects. 

At the end of the nineteenth century the 
Chardonnet nitrate process accounted for more 
than S0% of the world’s production, but even 
then it was beginning to lose its pre-eminence, 
the decline proceeding steadily until production 
appears to have ceased altogether in the middle 
of the nineteen-thirties. This was brought 
about in the first instance by the superior pro- 
duct and cheaper costs of the cuprammonium 
process, for it was not until as late as 1909 
that there was recovery of the costly solvents 
used in the nitrate process (J. Soc. Dyers and 
Col. 1909, 28, 1303). During the first few years 
of this century the cuprammonium process was 
ga ining ground at the expense of the Chardonnet 
process until in 1906 the former accounted for 
40% of the total world production. Subse- 
quently the cuprammonium process was sub- 
jected to the competition of the cheaper viscose 
process and by 1923 declined to a mere 2% of 
the total output, though this proved to be its 
nadir, for subsequently production rose again 
and has maintained a fairly steady position at 
3-4% of the total production by all processes. 
The reason for the maintenance of its relative 
position is to be explained by the high quality of 
cuprammonium yams. 

After 1906, production by the viscose process 
started to rise rapidly, reaching a peak of 87- 
S8% of the production by all processes in the 
period 1932—34, though subsequently there has 
been a slight decline to S3% in 1938. This 
decline has been caused by the rise of the acetate 
process and can be accounted for by the special 
properties of acetate yarns, which enable special 
textile effects to be produced which can be 
obtained in no other way. Large scale pro- 
duction of acetate yams began as a result of the 
requirements during the war (1914—18) of 
acetate dope for aeroplanes. The producers 
found themselves faced after the war with 
the problem of disposing of their dope pro- 
duction. In 1920 the manufacture of yams 
from this dope began and has since risen steadily 
to 13% of the world production by all processes 
in 193S, although probably in England and 
certainly in North America the production by 
this process is a much higher proportion of the 
whole. In 1939 small samples of yams made 
from polyvinyl chloride and of nylon became 
available and Du Pont de Nemours & Co.’s 
large scale plant for the manufacture of the 
latter began operation in the United States on 
December 15, 1939 (Textile World, 1940, 90, 
No. 1, 52). The English plants are to be 
operated jointly by Courtaulds and I.C.I. 
through a subsidiary company, British Nylon 
Spinners, Ltd., and are expected to start pro- 
ducing in the nututnn of 1940 (Times, March 15, 
1910, p. 3). I.C.I. are to produce the polymer at 
their Huddersfield works and this is to be spun 
into inonofil at Welwyn Garden City and into 
vam at Coventry ( Tivics , March 21, 1910, p. 5). 

Vol. V. — S 
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1 Rayon Staple Fibres . — Initial interest in the 
manufacture of staple fibres arose in Germany 
[during the war (1914r-lS) when it became 
t necessary to eke out slender supplies of natural 
staple fibres. Demand and production lan- 
guished when normal supplies were restored 
after the war was over. German production 
of 4-2 million lb. in 1919 fell to 1-3 million lb. in 
1920 (Konigsberger, “ Die deutsche Kunst- 
seiden-und Kumstseidenfaserindustrie in den 
Krieg-und Nachkriegsjahren,” Berlin, 1925). 
About 1930 interest in artificial staple-fibres 
revived, partly because of improvements in 
manufacture which resulted in increased 
strength, and since then there has been a more 
than hundred-fold increase in production. The 
principle producers are Germany, Italy and 
Japan, who as part of their national policies of 
self-sufficiency have encouraged the production 
of these fibres and recently have even passed 
regulations to enforce their use : a German 
decree in 1935 enforced the admixture of at 
least S% rayon staple-fibre in all coarse cotton 
yams; this proportion being raised in 1937 
first to 16% and" then to 20%. Similarly 
Japanese decrees in 193S required first a mini- 
mum admixture of 30% rayon staple-fibre with 
all cotton for domestic use (with certain excep- 
tions) and then prohibited the use of cotton 
altogether, whilst decreeing that 50% of rayon 
staple-fibre must be mixed with all wool used 
(“ Rep. on Dev. and Use of Rayon and Other 
Syn. Fibres,” U.S.A. 193S). Recently Italy has 
decided that all textiles for her home markets 
must contain at least 20% of home-produced 
I artificial fibres, the woollen industry being 
expected to use them in the form of “ Lanital ” 
[and “Cisalfa” fibres {Times, March 21, 1939). 
Probably because of the influence of these 
decrees, Japanese, German and Italian produc- 
tion together accounted for about 90% of the 
total world production in 1938 (“ Industrial 
Fibres,” H.M.S.O. 1939). A still greater in- 
crease in German production is envisaged by 
Schieber {Times, February 14, 1940). 

Unlike continuous filament rayon, which in 
the first instance can be considered a cheap sub- 
stitute for expensive natural silk, rayon staple- 
fibre is, again in the first instance, a substitute 
for the comparatively cheaper cotton and wool 
fibres. Consequently in order to popularise its 
use in those countries where its use has not been 
compelled by law, the manufacturers have pro- 
gressivelv reduced its price. This trend «as 
accelerated in England by the reduction of the 
&d. a lb. excise duty imposed in 1924 to 3d. a lb. 
in June, 1934, and then by its complete abolition 
in September, 1935. In 1936 the price of visco=e 
staple-fibre was llrf. per lb., bat this was re- 
duced to 10J. per lb. at the end of 1937 and 
there was no further change until the end of 
1939 when there was a slight tendency for the 
price to rise. In February, 1910, it was 12fd. 
per lb. Acetate staple-fibre has generally been 
about 50% dearer than viscose. 

In the United States viseo*e staple-fibrc price* 
fell steadily from 192S when the price was 0 00 
dollars per lb. to 1937 when the price wa= 0-23 
dollars per lb. Here again acetate price* have 
been hicher than viscose price*, though they 
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fell from 0 SO dollars per lb in 1936 to 046 
dollars per lb in 193S ( * Rep on Dev and Uso 
of Rayon and Other Sy n Fibres,* USA 193S) 
No reliable 6tati3tics aro available for the 
proportions of rayon staple fibres mado by the 
different processes, though it is probable that 
the viscose process, including such modifications 
ns the processes for producing basified viscose 
fibres, is responsible for 90-95% of the total 
production Fibres made from casern probably 
amount to no more than 1-2% of the whole, 
whilst a not inconsiderable though relatively 
small amount of acetate staple fibre is produced 

Manufacture of Raions 
Substances that can be formed into filaments 
must have linear molecules and high molecular 
weights and, up to now, all fibre forming mole 
cules have been of tho superpolymer type in 
which there are many hundreds of repetitions 
of a comparatively simple chain unit A number 
of natural substances have suitable molecular 
structures but the processes used to form these 
into fibres invariably cause Borne measure of 
depolymerisation Ilowover, there have been 
several successful attempts recently to eyn 
thesise substances capable of forming fibres by 
the polymerisation or condensation of small 
molecules into long chains lor rayon rnanu 
facturo fibre formation is not suflicicnt Only 
thoso substances aro suitable for rayons that 
will form fibres with desirable textile properties 
The most important of these properties are 
strength, extensibility, flexibility and msolu 
bility in water and dilute alkalies The fibres 
must also bo non inflammable, have a high 
softening point and bo capable of being dyed 
In addition it 19 preferable, though not essential, 
that the fibres be truly elastic Finally there is 
the ov cr riding economic consideration that new 
artificial fibres must be produced more cheaply 
than tho natural fibres or older artificial fibres 
with which they have to compete Only a few 
natural and synthetic substances gi\e fibres 
which satisfy all these requirements 
In the broadest possible terms the processes 
of rayon manufacture consist of liquefaction 
of tho fibre forming substance and extrusion of 
tins as filaments which are subsequently 
solidified Generalising again, the capital difh 
culty of ray on manufacture is tho attainment of 
uniformity Tins statement should perhaps bo 
qualified in the case of rayon staplo fibres, since 
these can bo blended like cotton or wool, but no 
such levelling of inequalities can bo applied to 
continuous filaments Continuous filament rayon 
from its nature has a comparatively uniform and 
regular form, so that any irregularity, in par 
ticular any periodic irregularity, is strikingly 
obvious A similar irregularity w ould probably 
pass unnoticed among the sporadic irregularities 
inherent in staple fibre y ams For this reason a 
perfectly uniform rayon yam which is slightly 
defective in other ways is preferable to a rayon 
yam which is irregular though free from other 
defects A perfectly uniform rayon yam can be 
obtained only by perfectly uniform chemical and 
mechanical processes 

\\ ith rayon staple fibres, strength, elasticity 
and special dyemg properties have a greater 
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importance than with continuous filament 
rayons, since rayon staplo is intended to blend 
with or even substitute strong fibres liko cotton 
and flax and elastic fibres like wool and schappe 
silk For similar reasons the staple length and 
denier of cut ray on fibres must be suitable for the 
spinning machinery in the cotton and wool 
industries 

Many processes have been proposed for im 
provements m the manufacture of rayons, but 
in tho space available it is only possible to 
consider the more important processes The«e 
are described aa far as is practicable in the 
order of historical development since m the 
writers view, this bangs out most clearly 
the sequence of the ideas and the growth of the 
refinements which have brought the industry 
to its present great position 

Manufacturtno Processes. 

Glass Fibres — The earliest artificial fibres to 
be produced were made from glass and it is 
recorded that these were exhibited at the British 
Association meeting held m 1842 (Hard, “The 
Romance of Rayon," Manchester, 1933) lams 
made from glass fibres have been woven into 
textile fabrics, but these do not appear to have 
passed the stage of technical curiosities Modem 
glass fibres are very fine and yams made from 
them aro extremely strong and quite flexible 
(Lindsay Torster, J Text Inst 1939, 30, P162) 
however their comparative hardness would be 
a senous disadvantage if glass yams were xo 
be used m combination with other textile fibres 
They are at present used only in filter cloths 
and for electrical and thermal insulation 
Modem glass fibre yams have tensile strengths 
as high as C 3 g /den , but have elongations of 
only 1-2% (Textile World, 1139. 89. Ao 10 76) 

Cellulose Nitrate Process — Although (in 
1838) Feloute had noticed that concentrated 
nitric acid appeared to form a compound with 
cotton it is probably to SchOubein a discovery 
of guncotton * (Pliil Mag 1847, 31, 7) thst 
the chief credit should be given for the discovery 
of cellulose nitrate This was found by Menard 
m 1846 and independently by Maynard in 184S 
to be soluble in a mixture ot ether and alcohol 
giving a solution know n as * collodion * the 
transparent films from which were used in photo* 
graphv from 1850 onwards The publicity 
that cellulose nitrate received from its many 
important applications, and the fact that it 
was the first substance suitablo for forming 
fibres to become readilv available, are doubtless 
the reasons why tho first rayon process patented 
was the cellulose nitrate process of Audemars 
(B P 283, 1S55) His process showed a cunous 
connexion with sericulture in using mulberry 
bast fibres as the raw material Filaments were 
formed by dipping steel spikes into the collodion 
and then withdrawing them upwards so that the 
fine streamers of solution formed filaments bv 
evaporation of tho solvent This crude method 
was superseded through the introduction of sing!® 
hole spinnerets suggested by Orsnam (Compt. 
rend 1862, 65, 833) 

Audemaxa* patent marks the beginning of the 
experimental period which extended to 1SS9 m 
which year Count Cbardonnet started the first 
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rayon factory at Besancon (J. Sac. Dvers and 
CoL 1914. 30, 199). Between ISS4 and 1S93 
Chardomiet took out a large number of patents 
in France, England. Ger man y, America and 
Switzerland. From these patents rt appears 
that the early spinning machines were arranged 
so that the collodion was extruded upwards 
through a row of single hole sp inn erets first into 
water and then into a chamber where the solvent 
was evaporated by means of a counter-current 
of hot air. The filaments were hardened in this 
chamber and groups of filaments were led up- 
wards and collected on rota ting spools. 

In spite of the addition of various fireproofinr 
substances (G.P. 3536S CL 29) this rayon was 
highly innammahle, and was called " mother-in- 
law silk " by the textile workers of Lvons who 
said a man coaid rid himself of his mother-in- 
law by presenting her with a dress made of 
this material (J. Sac. Evers and CoL 1914. 30. 

199). 

Sir Joseph TV. Swan had also been working 
independently on the production of filaments 
from c-eUnl&se nitrate (J.S.CX ISSo, 4. 34), bnt 
for electric lamp) filaments, and he had devised a 
process of denitration (with amm onium hydro- 
sulphide) for the production of regenerated cellu- 
lose filaments (B.P. 597S, 1SS3). This process 
was subsequently adopted by Chardonrte: 
was the means of saving his yams from ^ 
scrip lion on the grounds of their inflammability j every 100 kg. of casein, the solution afterwards 
(Hard, op. cit.), unfortunately whilst denitration | being diluted until it conta i n s 100 kg. of casein 
reduces the fire hazard, it "has the defect that * in 40*0 litres of solution. This solution is 
it weakens the rayon since it produces serious s allowed to mature at 24'C. until the viscosity 
degradation of the cellulose (Davidson, J. Text, j has fallen sufficiently, at which stage the matura- 
IrJrt. 193.$, 29, T20-S). ticn may be halted by cooling. The solution is 

In 1S91 the production of the Sesanjon span by extrusion into a coagulating bath con- 
factory was only* about 40.000 lb. per annum, j raining' sulphuric acid, sodium sulphate and 
but rt showed a thirrv-foli rise in the next aluminium sulphate, the insolubliising action 


thirteen years. After 1925, althounh production I of the aluminium being assisted b_. a subsequent 
in France. Belrium and elsewhere continued to I treatment in s bath containing fomalaecyde. 


Dreaper (J2S.CX 1909, 23, 1297), gave the 
strength as 0-63 g ./den. and the extensibilitv as 

3- 5%. In a later patent (B.P. 6700, 1S9S) 
Hfil a r proposes to use other proteins, including 
casein, for the production of artificial filaments, 
but his evaporative method of sp inning was less 
suitable for the solutions he used rb-n for the 
volatile solvent solutions employed by Char- 
donnet. Xon-volatile solutions are better suited 
to wet spinning and Todtenhaupt (BE. 25295, 
1904, G.P. 1700-51) was the forerunner of the 
modem practice of spinning alkalin e aqueous 
solutions of casein into an aqueous acid coagu- 
lating bath, which contained formaldehyde to 
harden and msolnbiHse the filaments. 

Neither Todtenhaupt's process nor any of 
the numerous processes that were described in 
the patent literature during the next 39 years 
found large scale commercial u tilis ation until 
Ferrettfs process (B.P. 4S3S07 ; 4-S3S0S ; 

4- S3S09 ; 4S3S10; 510131; 511160) was adopted 
by the Snia Vis com Company in Italy. This 
company began casein-fibre production in 1936. 

According to Ferrettfs specifications the casein 
is prepared from milk by coagulation with acid 
at p s 4-5. (The isoelectric range of casein is 
Pz 3-5-6. Lloyd and Shore, “ The Chemistry 
of the Proteins," London. 193$, p. 416.) A 
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I together with the addition of sodium chloride to 
True in the bath. As with other 


| The aluminium cud formaldehyde are each 
ucter of ! suoposed to form cross-links binding the protein 
rould bo ; chains together (Diamond and Vermeil, J. Text. 
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visrese process was too great and production ; rayons stretch-spinning is stated to improve the 
appears to have ceased altogether in the middle f 
of the rdneteen-thirries. 

Protein Fibres. — The protein char 
silk made it obvious that attempts wo 
made 
To 
1 So- 

produced 


Much later 3I21ar (B.P. 15522, 1594) described propose to acetyhte the casein with cr.e or 
the o reduction from Erelatine solutions of silk- ' oXer of a number o: acetya-in- 
like filaments by evaporation of the solvent us > Fibres from soya-fc-.un pre.em are pre- 

they were carried on ling travelling bunds. j duced commerciuLy on s szzzil 
Suhseucentlv the filaments were tusolubuhod under tee nan 
by treatment with formaldehyde, thus fore- 39204S). Line casern notes 
shadowinu the present-day methed of insolu- 1 1 
b2i 

rayon was actualiv pr 
January 6, 1S9S) and from small sa: 
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process, the only successful process to date, are Cotton Inters are used as the source of cells 
no exceptions, since they cannot be used alone lose, these are kier boiled and then bleached m 
satisfactorily but must be used m admixture large hollanders to remove impurities and to 
with other fibres, for example with wool Had depolymense the cellulose somewhat so as to 
it not been for the effort to attain economic self obtain reasonably fluid solutions at useful 
sufficiency in Italy, which imports considerable concentrations After bleaching, the lmters are 
quantities of wool, it is doubtful if there would washed and hydroe xtra cted preparatory to 
have been much progress m the manufacture of dissolving them m cuprammomum hvdronde 
casern fibres As it is there was a production of solution The cuprammomum solvent can be 
more than 3 million lb in 193", and more than made in several ways and it is known that it 
10 million lb in 1938 They are also being has better solvent powers the higher the copper 
made m small quantities m England by Cour content and the lower the content of anions 
taulds. Ltd , and in Holland bj the AhU other than hydroxyl or carbonate However 
Although the actual ammo acid composition the solvent power of a cuprammomum solution 
of casern is different from that of wool (Lloyd containing acid ions can be improved by the 
and Shore, “ Chemistry of the Proteins,” addition of caustic soda 

London, 1938, p 136) both are proteins and pos The spinning solution may be prepared bj 
sess similar dyeing properties, though generally mixing together the bleached cotton Inters, 
casern fibres dye more rapidly than wool ammonia, basic copper sulphate and caustic 
(Grundy, J Soc Dyers and Oil 1939, 55, 345) soda solution to obtam a 7% cellulose solution 
However casern fibres are much more sensitive In the absence of air and light this solution is 
to hot aqueous treatments than are wool fibres, perfectly stable and it can be spun immediately 
and particularly in the presence of dilute aqueous after it has been filtered The filtration, how 
alkalis, casern fibres become plastic above 90 C C ever, need not be through such fine filters as 
Although, like wool, casern fibres have con with viscose or cellulose acetate solutions since 
siderable extensibility, unlike wool they have the spinneret holes used are so much larger in 
inferior elasticity (Heim, J Text Inst 1939, 30, this process This is convenient 'ince onlv 
P213) In spite of this and in spite of the absence inorganic filter materials such as fine nickel 
of scales from the surface of casern fibres, when gauze can be used because of the solvent power 
mixed with wool they improve the felting proper of the solution on organic fibres 
ties of the latter, although alone they possess no Although Lehner (G P 5850S Cl 29, 1890) had 
felting properties (Diamond and Wormell, l c ) invented a process of stretch spinning for celln 
Cuprammomum Process— The fact that lose nitrate filaments, it does not appear to have 
cuprammomum hydroxide was a solvent for had the same success as Thiele’s stretch-spin 
cellulose was discovered accidentally in the course mug process (BP 80S3, 1902) in the cupram 
of other work by Schweuer (J pr Chem 1857, mornum method of making rayon By means 
[l], 72, 109) No application of this discoi ery of Thieles invention spinneret holes of 1 mB! 
was made until towards the close of the nine diameter could be used and yet fine filaments 
teenth century when a number of inventors, of could be produced This was made possible 
whom Despaissis (F P 203741, 1890) was the because the setting of filaments was earned out 
first, devised processes to utilise Schweizer a dis very slowly in hot water, mstead of rapidly w 
covery for the manufacture of rayons In an acid, and during this slow setting the fil* 
Despaissis s process the solution of cellulose m ments could be stretched to many times then 
cuprammomum hydroxide was extruded through original lengths By this device filaments finer 
spinnerets and coagulated in a dilute acid bath than 012 demer could be produced and yarn 
'Dniortnnate’iy Y»espanBis &A nut love to Aeve’iop wit’n filaments finer than 1 demer was Kthi'O- 
his ideas and the cuprammomum process lan England during the first decade of this century 
guished for a number of years until almost (Dreaper, J Soc Dyers and Col 1937, 53, 436) 
simultaneously Pauly (B P 28631, 1897), Not only did stretch spinning permit finer fil* 
Fremery and Urban (B P 6557, 1899) and ments to be made than tho s e that could be 
Bronnert (B P 13331, 1899) specified the con produced by any other process, but because 
ditions necessarj for successful manufacture of the better and more uniform orientation of 
These three patents describe the precautions to the cellulose chains brought about during the 
be adopted in preparing the cellulose solution stretching and the comparatively small degrade 
Both m Bronnert’s and in Fremery and Urban’s tion of the cellulose in the process as a whole, 
patents it is recommended that the cellulose stronger yams were produced than by other 
be partially degraded to obtam solutions less rayon processes This unique position has 
viscous than tho«e from undegraded native changed, for viscose and acetate can now « 
celluloses stretch spun, and highly stretched, and highly 

In 1898 the Glanzstoff Company began pro- polymerised cellulose rayons produced fro® 
duemg cuprammomum yams in Germany ac viscose and acetate are now made commercially 
cording to the processes of these early workers Filtered cuprammomum cellulose solution » 
"•ter the same company operated a works m forced along pipelines under pressure to the 
dii 69 w k ,c h was taken over by Courtaulds, Ltd , spinning room, where the pipes subdivide to 
°rujg the war (1914-18) and converted to feed the different sp innin g machines Because 
At t v Pro ^ uctl °n of the large 6pinneret holes used, unlike those 

tIme the cuprammomum pro used in the viscose and acetate processes, 
heme w m 0r der of production It is individual spinning pumps are not necessarj’ 

theConfm * m England, in America and on and one spinning pump can be used to a group 
of spinnerets The spinnerets are made oi 
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stainless steel and have the holes ar rang ed in a 
single circle. The holes are O-S-l ■mm '' in dia- 
meter. 

A modem version of Thieles stretch-sp inning 
arrangement is shovn in G.P. 421339, Cl. 29a 
in vhich each of the spinnerets is imm ersed in the 
preliminary coagulating bath of vater st 40- 
50 C C. contained in a glass cylinder vhich has a 
coaxial glass fennel inside 'it. The hot vater 
enters at the bottom of the cylinder and So vs 
npvards in the annular space til] it reaches the 
top of the fenneL The vater then fiorrs dorm 
the fennel vith a velocity that increases as the 
diameter of the fennel decreases. The filaments 
extruded from the spinneret, vhich is mounted 
just above the mouth of the funnel, are carried 
dorm the funnel by the stream of rrater. As 
they travel dorm the fennel the filaments are 
gradually coagulated by the diffusion of the 
hydroxyl ions out of the filaments and at the 
same time the acceleration of the stream of 
rrater due to the narrorring of the funnel 
stretches the filaments. The coagulated fila- 
ments emerge from the bottom of the funnel 
together vith the stream of rrater rrhich is 
aHoved to fall dov nva rds rvhfist the filaments 
are carried to one side as in B.P. 2S461S. In 
the machine described in this patent the fila- 
ments next pass through a combined guide and 
acid hath, vhere they are treated vith dilute 
sulphuric acid vhich neutralises the alkalinity 
and. dissolves oat the copper. After this the 
filaments are collected in an rmfvisted state on 
an add-proof strife. Alternatively the filaments 
msv be trusted and collected in a spinning pot 
(B.P. 29903S). 

It is interesting that Fremery and Urban 
(B.P. 6735, 1S99) comment on the troubles 
atten dan t on bobbin spinning, vhich they S3y 
is oving to the contraction on drying of the jelly- 
like vet filaments. This difficulty has been the 
bugbear of all bobbin spinning processes and 
has been largely responsible for their superses- 
sion in favour of other methods of collecting vet 
cellulose filaments. In the modem ctrpram- 
monhnn process an arrangement is used like 
that in G.P. 4322S5 of 1925, vhereby.the yarn 
is spun on to strifes of normal hank girth, vhich 
are collapsible, and from vhich the yam is 
removed in the form of hanks for trashing and 
drying. Tin- procedure, vherein the yam re- 
ceives no tvist, is practicable only because the 
filaments in each yam adhere together, although 
they trill separate on subsequent handling. If 
the filaments rrere entirely free from one another 
the yarns vonld become hopelessly entangled and 
impossible to trind in the absence of any tvist. 

When ctrprammonfnm rayon is spun on to 
strifes, these must be removed from the spinning 
machine at intervals and the individual hank s 
from each spinneret must be laced vith three or 
four tie bands. The strifes ran then be collapsed 
and the hanks removed. They are processed 
by similar methods to those vhich vere usual 
in the viscose industry until recently. The 
processing co nsis ts in banking groups of hanks 
on to rods vhich are conveyed under a series of 
sprays to trash and finish the yam. XormaTTy 
the yams are first trashed free from add vith 
veter ana afrervards vith soap or other soften- 


ing agent. The yam is finally dried and 
conditioned. 

In England only one company, British Bem- 
berg. is st present operating the cuprammonium 
process. Their yams range in denier from about 
35 up to about ISO, although the filaments all 
have the same fine denier of 1-3. 

Oving to the intense price competition be- 
tveen the different processes vasie of any kind 
has to be avoided. In the cnprammoninm pro- 
cess this entails recovering the copper from the 
add vash-Iiquors. 

Viscose Process. — The viscose reaction 
vhich produces a vater soluble xanthate of 
cellulose vas discovered by Cross, Be van and 
Beadle (B.P. S700, 1S92}. But attempts to spin 
satisfactory filaments from solutions of cellulose 
revealed a success on of difficulties, and it vas 
many years before the process emerged from the 
experimental stage. According to Hard (op. cii.) 
the process vas first commerdally established in 
France, for although the earliest vorks had been 
started in England it vas not until 1912 that it 
vas firmly established here. 

Wood pulp is the cellulose rav-materia! most 
used. Itshouldhavealov resin and ash content 
and a high content of c-cellulose (r. YoL H, 
~6(h, 4653). The pulp sheets should be soft and 
free from hard lumps. Taken over a period of 
years there has been a tendency for pulps of 
higher and higher c-ceUnlose-contents to be 
used in the industry. Xov according to Hebbs 
(J. Soc. Dyers and CoL 1939. 55, 550) the average 
value for rayon pulps is 59-5% c-cellulose. 

Cellulose vood pulp is not a homogeneous pro- 
duct but consists of a mixture of celluloses vith 
different degrees of polymerisation (Schieber, 
Papierfabr. 1939, 37, 245). The least poly- 
merised or most degraded ones are the so-called 
beau-celluloses vhich are alkali-soluble. These 
are to some extent leached out in the mercerising 
process, and contaminate the mercerising lye, 
and are consequently undesfeable. Highly 
polvmerised celluloses give rise to very viscous 
viscoses vhich are difficult to handle and for this 
reason are also undesirable in the no r mal pro- 
cess. On the other hand Mark has shovn 
theoretically that more highly polymerised (f.e. 
longer) molecules are more easily aligned by 
stretching than are less highly polymerised ones 
(Trans. Faraday See. 1933, 29, 6). For this 
reason in spinning highly oriented viscose rayons 
bv the lifienfeld process (BfP. 274521) it vas 
found that it vas" advisable to e limin ate alto- 
gether the aaeing process. The resultant viscose, 
th crush more dilute in cellulose than usnaL vas 
still verv viscous and presented special problems 
in transport. 

The sheets of palp are mercerised in mer- 
cerisms-strength caustic soda, usually about 
lS°'o. at about 20"C-, for 1-2 hours under con- 
ditions vhich v3i ensure uniform penetration 
of the pulp (r. YoL U. 46o>5). 

The svollen sheets are next submitted to pres- 
sure at about 200 lb- per so. in. to remove excess 
Ive and to vfeld an alkali cellulose contain- 
ing 25-30% cellulose and 15-15-5% sodium 
hvdroxide- Both the mercerising and pressing 
are often carried out in a mercerising press of 
the kind shovn in B.P. 7593, 1912. 
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The sheets of pressed alkali cellulose are now caustic soda by mechanical agitation to give a 
disintegrated m a machine with revolving arms solution containing usually about 8 5% cellulose 
such as that described mGP 400378 Cl 29a and 6 5% sodium hydroxide The viscose thus 
The disintegration is carried on for 2-3 hours obtained is filtered, and ripened until ready for 
until the alkali cellulose now in the form of spinning 

" crumbs ” occupies about a litre for every Viscose solutions differ from cuprammomum 
300-350 g solutions of cellulose and solutions of cellulose 

The crumbs are emptied into sheet steel vessels nitrate and acetate, in that the latter are reason 
which are covered with bds and stored m a ably stable when kept in closed vessels, whilst 
thermostatically controlled room for 2-3 days viscose is unstable "Under normal conditions 
Dunng this storage or “ ageing ” there is of temperature there is spontaneous decom 
oxidation of the cellulose by the oxygen of the position due to a combination of hydrolysis and 
air enclosed in the porous mass of crumbs saponification (Klauditz, ibid 1939, 37, 251), 
(Davidson, J. Text Inst 1932, 23, T95) Con the sodium cellulose xanthate giving sodium 
sequent upon the oxidation there is a progressive carbonate, sodium thiocarbonate and cellulose 
fall in the viscosity of the viscose made from The reaction probably proceeds heterogeneously 
the aged crumbs, the relation of time and in such a way that there is a mixture of varying 
viscosity being approximately hyperbolic Ac proportions of cellulose and dicellulose xanthate 
cording to Schieber ( l c ) this is because the (Frenkel, Cellulosechem 1928, 9, 25), the latter 
more highly polymerised cellulose components decreasing and the former increasing as the 
only are broken down into shorter chain cellu decomposition or ripening proceeds Only the 
loses, but Lachs, Kxonman and Wajs (Kolloid Z commercially uneconomic method of refngera 
1938, 84, 199) consider the order of heterogeneity tion will retard this process, so that under normal 
remains the same although the mean chain works conditions viscose made on a given day 
length is decreased must be spun on another given day In fact the 

The presence of iron, copper and nickel ac only alternative to continuous production would 
celerates the oxidation of cellulose in the presence be to clean out all the pipelines and storage 
of alkali (Davidson, l c ) and although Lotter vessels whenever the process was to be halted 
moser and Wultsch (Kolloid Z 1938, 83, 180) The compulsion of this was seen during the stay 
confirm this effect on the ageing for traces of in strikes in France in 1936 when “The silk 
iron, they find copper has no influence A rise workers at Lyons, who not only have occupied 
in the ageing temperature produces more rapid an artificial silk factory, but have kept part of it 
oxidation of the alkali cellulose working have now furnished (an) 

The xanthation or churning whereby the explanation of their motives because the 
alkali cellulose crumbs are converted into cellu viscose used in the manufacture if allowed 
loso xanthate is earned out in rotating chums to he idle, would solidify in the machines and 
in a thermostatically controlled room at be do damage which would take at least 2 weeks 
tween 20 and 25°C The crumbs are placed in to repair ’ (Times, September 18, 1936) 
the chum which is closed and 6et rotating slowly The necessity to ripen viscose in order to 
whilst the predetermined quantity of carbon achieve satisfactory spinning was discovered at 
disulphide is mtroduced through a hollow trun an early stage by Steam (B P 2529, 1902 , 7023, 
men The reaction is exothermic and there is 1903), and the methods claimed to obviate this 
usually a temperature nse of 6-8°C At first process have not been found satisfactory in 
♦here is a nse of pressure in the chum due to practice 

nse of temperature After this the pressure Ripening can be measured in several ways, of 
, at first slowly and then rapidly as the which the most important are the amount of 
arbon disulphide reacts At the same time combined sulphur and the ease of coagulation 
the colour of the mass changes from a creamy The latter is the more common in works practice 
white to a yellow and then to an orange at and can be earned out by determining the 
which stage the reaction is stopped by evacuating number of c c of 10% ammonium chlonde 
the excess of CS, from the chum and subse solution required to coagulate 20 g of viscose 
quently emptying the contents into the dissolver (Hottenroth, Chem Ztg 1915, 39, 119) The 
The usual reaction time is 3-4 hours older and riper the viscose the less ammonium 

According to Lieser (Micheel, “ Chemie de chlonde is required and the lower the npeness 
7uckeru Polysacchande ” Akad Verlag, 1939) number Nowadays viscoses are being spun 
it is the hydroxyls attached to the C2 atoms of at npeness figures above 10, since the less npe 
the glucose residues which react The usual the viscose the less is its contraction on drying 
proportion of carbon disulphide is 32% on the There is a difficulty in using unnpe viscose, as 
weight of the cellulose which is theoreticallj this is liable to give “ milky ” filaments unless 
sufficient to xanthate every glucose residue, but the vanous conditions are properly adjusted 
only one in two of the glucose residues is Ripening is done in steel vessels kept in a 
xanthated The proportion is statistical since cellar at constant temperature During the 
about half the cellulose chains are not xanthated operation the opportunity is taken to filter the 
(Lieser, Annalen, 1930, 483, 132) An explana viscose by forcing it under about 4 atmospheres 
tion based on the accessibility of the cellulose pressure through presses from one vessel to 
has been pnt forward by Lieser Hall (Papier another It is most important that all mineral 
Fabr 1933 36, 272) and Schramek (i&irf 1938, particles and undissolved fibres that might 
38, 22C) who suggest that the reaction may bo block the holes in the spinnerets, be removed 
intermiceDar by filtration To this end open filtering media 

The cellulose xanthate is dissolved in dilute like cotton wool and flannelette are better than 
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suggested as the process developed 
of 1902 claims that viscose filaments which have 
been coagulated with acid and as a consequence 
contain precipitated sulphur, may be desul 
phunsed with a sodium sulphide solution to 
produce colourless and lustrous rayon However, 
acid alone is not satisfactory since the decom 
position is too rapid and gives weak ^laments 
containing hollow spaces (Bred4e, Chem 
Weekblad, 1933, 30, 51) For this.reason double 
baths were used, the first a salt bath to coagulate 
the viscose and the second an acid bath to 
decompose the xanthate and to regenerate cellu 
lose With gradually increasing knowledge it 
became possible to compound a bath satis 
factonly combining coagulation and decom 
position The first to do this was Muller (B P 
10094, 1906) who proposed to use a bath con 
taming a high concentration of sodium sulphate 
together with sulphuric acid Low concentra 
tions of sodium sulphate have little effect, but 
when the relative concentration of sodium sul 
phate to sulphuric acid approaches 1 1 there 
is a rapid improvement in the strength of the 
filaments produced, with increasing sodium sul 
phate concentration (Bredt§e, l c ) Although 
Muller’s invention was a marked advance, the 
coagulating power of sodium sulphate alone 19 
scarcely sufficient to harden the filaments so 
that they will not adhere together when they 
are pressed in contact at the guides and on the 
collecting device Consequently yams spun m 
this bath are liable to be hard and wiry Cross 
sections of filaments coagulated m this bath, 
when the filaments have had sufficient time to 
harden before coming into contact, are round 
to oval in shape and lack the marked serrations 
characteristic of modem viscose rayons spun 
in baths of greater coagulating power (Bunger, 
Doud and Sugarman, State Eng Exper Sta 
Bull Georgia, 1938, J, 21 , Jfiger, Kunstseide, 
1931,13 325, Bronnert J Soc Dyers and Col 
1922, 38, 153) In spinning, the ripeness of 
the viscose, the composition and temperature 
of the cu&gulating bath, the denier of the fila 
ments, and the time of contact of the filaments 
with the bath are interrelated with one another 
and with the tensile properties of the spun 
filaments Scherer and Hussey have shown 
that there is an optimum set of these condi 
tions in spinning experiments using the M filler 
bath (Ind Eng Chem 1930, 22. 594, 1931, 23, 
297) When the filaments have come into contact 
before they have been sufficiently hardened 
their cross sections have a polygonal shape 

Very full data for the solubility of sodium 
sulphate m the system H t O — H,S0 4 — Na t SO ( 
at temperatures between 0° and 82 5°C are given 
by Faust and Esselmann (Z anorg Chem 1926, 
157, £90) 

J1 filler mentions the use of zinc sulphate, but 
the greatly enhanced coagulating power of a 
bath containing an alkali sulphate plus a small 
amount of zinc sulphate was first expressed in 
the composition claimed by Conrtauld and 
Nappcr (BP 400, 1911) The exact con 
centration of zinc sulphate is very important 
since Foznanski (Rayon Text Monthly, 1939, 
20, 501) has shown that the rate of decom 
position of Viscose is decreased bj increased zinc 


concentration This explams why Tomonan 
(I c ) found that increasing the zinc concentration 
decreased the spinning tension Thus con 
centrations of zinc sulphate above about 2% 
produce so impermeable a skm on the filaments 
that under normal conditions the xanthate m 
the interiors of the filaments is incompletely 
decomposed by the acid in the hath However, 
if the spinning conditions are suitably arranged 
so that decomposition is finally completed, then 
the coagulated but temporarily undecomposed 
filaments are in a condition suitable for stretch 
mg to give improved orientation (B P 467500) 
The Lihenfeld process (B P 274521 , 274690 , 
281351 , 317608) utilised the plasticising proper 
ties of concentrated mineral acids used as 
coagulating baths to enable filaments to be 
highly oriented by stretching, during spinning 
A spi nnin g machine such as described in B P 
297618 or 317912 is necessary in order to 
prevent damage to the filaments from lengthy 
contact with the concentrated acid The process 
waB worked in England, 1926-30 
In coagulating baths containing about 1% 
nac sulphate plus different concentrations of 
sodium sulphate the deviation of the cross 
sections of the filaments from circularity, which 
is best measured by Hase’s coefficient (J Soc 
Chem Ind Japan, 1932, 35, 367B), is greater 
the higher the concentration of sodium sulphate 
(Bunger, Ic) The deviation from circularity 
of the filaments spun in a given bath is practically 
mdependent of the denier (Okajima, J Cellulose 
Inst Tokyo, 1935, 11, 39) 

Magnesium sulphate when used together with 
an alkali sulphate behaves similarly to zinc sul 
phate in increasing the coagulating power and 
reducing filaments with serrated cross sections, 
owever a higher concentration of magnesium 
than of zinc must be used (Verhave, B P 2485, 
1915) 

In the course of time there has been a tendency 
to spm less and less ripe viscose, in order to 
improve the quality of the jam produced 
This has demanded baths of increased eoagu 
lating power, such as the use of a mixture of 
sodium sulphate, magnesium sulphate and zme 
sulphate (Bergen, B P 216125) 

With a given filament denier and coagulating 
bath a certain time is required for complete 
decomposition of the viscose At a constant 
rate of spinning this time will be proportional 
to the length of immersion in the bath and it 
has been found that the length of immersion 
required is inversely proportional to the dia 
meters of the filaments (Inoue, J Soc Chem 
Ind Japan 1939, 42 18B) 

At one time many works used to collect the 
coagulated rayon yam on bobbms, but largely 
because of the difficulties of drying the yam 
on the bobbins and the need for subsequent 
twisting this method has been discarded in 
favour of the centrifugal pot method, which was 
invented by Topham (BP 23157, 1900) In 
this method the yam as it leaves the godet wheel 
is allowed to fall vertically into a funnel 
mounted on an arm which holds it on the axis 
of the pot The pot, which has the form of a 
truncated cone of very small angle, rotates at a 
speed of 6-7,000 rpn about a vertical axis 
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The centrifugal force pulls the yam through the 
tip of the funnel and throws it against the^ inner 
trail of the pot, where it gradually builds inwards 
a cylindrical layer of yam. In order that the 
yam shall be evenly distributed vertically and 
that the “ cake ’’ of yam which is formed shall 
have reasonable mechanical strength, the funnel 
is given a reciprocating motion along the avis of 
the pot. vrith a constant velocity and as nearly 
as possible instantaneous reversal at the end of 
each traverse. 

Rotation of the spinning pot not only collects 
the yam but also twists it. This imposes a 
limitation, since a twist of about 2f turns per in. 
is usually required, and as the spinning pot 
cannot be run economically at much higher speeds 
than those given above, the yam speed cannot 
be greater than about 60-70 metres per minute. 
This limitation applies neither to bobbin spin- 
ning nor to staple-fibre spinning since in neither 
case is the yam twisted whilst it is spun. In 
these cases the limitation lies solely in the 
necessity for a sufficient time of contact between 
the coagulating bath and the filaments for them 
to be completely coagulated. Speeds of 100- 
200 metres per minute are practicable. 

Until quite recently the next operation after 
the cakes had been spun was to reel these into 
hanks and then to wash, desulphurise and 
bleach the yam in hank form. This is still 
done to some extent but not universally as 
formerly. The method which is coming into 
general use is to give the wet treatments to the 
yam in cake form and then to dry and sell the 
yam still in cakes. There are several reasons 
for the change. One is that the yam in hank 
form, containing as it does only about 2} turns 
twist per in., is very liable to entanglements and 
mechanical damage. This is avoided when the 
processing is done in cake form. Another reason 
is that processing in cake form can be more 
hiuhly mechanised and consequently lower 
labour charges are incurred. Against this must 
be set the high capital cost of a satisfactory cake- 
treatment plant, and the fact that only perfect 
and perfectly uniform cakes can be processed 
on such a plant. 

The principle of a cake-treatment plant is that 
the cakes are arranged in symmetrical groups 
with the bottom of one cake pressed against the 
top of the next, and arrangements are made to 
seal the ends of each group by plates which 
compress the group of cakes and thus seal the 
joints between contiguous cakes. The various 
wash liquors are now forced through an aperture 
in one of the plates into the interior cavity 
formed by the hoEow centres of the gronp of 
cakes. The wash liquors then gradually per- 
colate through the interstices of the cakes and 
are exuded from the outside. During this 
washing ont of the cakes, filaments of the 
vams receive a uniform and thoroush extraction 
(B.P. 361733 ; 483856 ; 497239). 

The wash Equors which are used successively 
are : 

(1) Water to 4 remove acid and other con- 

stituents of the coagulating bath. 

(2) Sodium sulphide or sulphite solution to 

desulphurise the filaments. 

(3) Water to remove the desulphurising wash. 
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(4) Add to neutralise alkalinity. 

(5) Water to remove add wash.. 

(6) A soap or other water-soluble softening 

agent. c 

A bleaching treatment with hypochlorite or 
peroxide may be interposed between 3 and 4. 

After the softening treatment as much water 
as possible is removed by hydroextraction and 
the cakes are then dried and conditioned to 10% 
moisture content. Drying requires more than a 
week and is a critical operation, for if it is 
hurried the outsides of the cakes wiB dry before 
the insides, they wiB attempt to contract against 
the resistance of the swollen inner levers and 
wiB consequently be strained (B.P. 35SS47). 

Viscose and regenerated ceBulose rayons in 
general show a much higher moisture adsorption 
at aB relative humidities than do native ceBulose 
fibres (ObermiBer, TextBber. 1926. 6. 765; Z. 
angew. Chem. 1926, 39, 46; Urquart and 
EckersaB, J. Text. Inst. 1932, 23, 163). The 
rayons also show a much greater volume-swelling 
in water than do the native ceBulose fibres 
(Preston, “ Modem Textile Microscopy,’’ Lon- 
don, 1933, p. 40 : Morton. Trans. Faraday Soc. 
1935. 31. 262 ; Hermans and de Leeuw, Kolloid- 
Z. 1937, 81, 300). The increase in volume is 
about 100%. over 90% of which is transverse 
swelling, only about 5% being lengthways 
swelling. The dimensional changes that occur 
in the first- drying of the newly spun material 
are stfll greater (Hermans and de Leenw, l.c.) 
and are responsible for ihe difficulties in drying 
regenerated ceBulose rayons. 

The large volume swelling occurring on wetting 
dry viscose and cuprammonium rayons has been 
turned to good use in producing crepe fabrics. 
Yams with a twist of about 50-60 turns per in. 
are woven into fabrics which are subsequently 
wetted whilst they are free from tension. 
The wet filaments have a diameter about 40% 
greater than in the dry state and the stresses 
set up by this in the tightly twisted yam can 
onlv be reBeved by untwisting of the filaments 
or "by contraction and the formation of snarls 
in the yam. Since the yam cannot untwist 
because of the weave, only the last can operate 
to reBeve the stresses and they result in a shrunk 
fabric with a “ pebble ” effect on the surface. 
In this connection it is interesting to note that 
such a fabric extends in the direction of the 
crepe yam, when it is dried, because of the 
decrease in the diameter of the filaments, but 
the “ pebble ’* effect rem a ins. 

It is a matter of considerable theoretical and 
practical importance that although the total 
volume swelling remains approximately con- 
stant, the lengthways sweBing is inversely pro- 
portional to the orientation of the filaments 
produced by stretching during spinning. Com- 
mercial ceBulose rayons have lengthways swell- 
ing varying from i to S%. A measurement of 
this property is the simplest method of esti- 
raatinu Hie amount of stretching the rayon has 
had during spinning. 

Cellulose Acetate Process. — The discovery 
of ceBulose acetate is ascribed to Schutzen- 
beiger (Compt. rend. 1865, 61, 485), hut under 
the conditions he used it is probable that the 
acetate produced was that of a degradation 
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earned oat with an organic amine such as 
ethylenediamme, since the conversion is then 
done without loss of strength (BP 417220, 
429103) It is understood that the Celanese 
strong yarn MV is produced in this way This 
yam has a small residual content of acetyl 
groups and swells to a less extent in cellulose 
swe llin g agents than do other cellulose rayons 
Possibly because of its small swelling in aqueous 
* solutions it has a low affinity for direct dyestuffs 
However, the dj e affinity can be improved by 
pre treatment with dilute caustic soda solution 
(B P 501768) 

Smce most of the hj droxy groups in cellulose 
have been converted into ester groups in cellu 
lose acetate, it is perhaps not surprising that the 
dyestuffs which had been devised for cellulose 
and protein fibres were useless for acetate rayon 
Thus m 1920 when the problem of producing 
satisfactory acetate rayon had been solved, 
there still remained the problem of dyeing it 
The first solution was not in fact a solution at all 
but merely a way of meeting the difficulty It 
was done by regenerating a shin ’ of cellulose 
(Preston, Rajon Record, 1930, 4 651) on the 
surface of the filaments, by partially saponifying 
them with a hot dilute alkali solution (B P 
20672, 1920, 169741) Partial saponification 
enables acetate rayon to be dyed with any 
cellulose dyestuff, but 10-30% saponification is 
required, which of necessity entails a consider 
able loss of weight and some loss of strength 
The method is now used principally for obtaining 
good whites in discharge prints A large range 
of special acetate rayon dyestuffs have since 
been developed 

Green and Saunders of British Dyes brought 
out the first special acetate dyestuffs, the 
Ionamxnea, in 1922 (B P 197803) This in 
vention was followed by others in which water 
insoluble dyestuffs were dispersed with emulsify 
ing agents like sulphonated ncinoleic acid the 
initial letters of which, S R A , have been used as 
the name for one group of these dyestuffs 
■hwugiht .nut Jy r Xlli? jvnd .the JlnAish XkilAJVBW* 
Companj m 1923 (B P 219349) The •* Dvranol ' 
colours, which were also dispersed insoluble 
dyestuffs, were brought out by B D C m 1923 
Theso dyestuffs lacked the water solubilising 
groups (e g sulphomc acid groups) which are 
present in water soluble dyestuffs and which 
were believed to prevent dyeing on cellulose 
aectate 

Kartaschoff (Helv Chim Act 1925, 8 928) 
has shown that the dyeing of acetate rayon with 
dispersed dyestuffs consists first in an aggre 
gation of dyestuff particles on the fibre surface 
followed by the solid solution of the particles 
in the fibres Recently a new class of acetate 
dvestuffs has appeared which have their hydro 
pnilic groups at the ends of side chains attached 
to the dyestuff molecules (B P 435S07 , 437516 , 
37745, 431614) (r Acetate Silk Dyes, 
id I, 39, and Dvecco, \ ol IV, 137) 

Alginate Fibres. — Alginic acid (jc) is a 
inear high polymer closely related to cellulose 
n constitution The chief difference between 
hem is that the primary alcohol group of each 
^5 atom in cellulose is replaced by a carboxylic 
icid group in alginic acid (Hirst and collabora 


tors, JCS 1939, 1880) Like cellulose, alginic 
acid can be formed into fibres, but the intrinsic 
difficulties of forming fibres from these two sab 
stances are reversed With cellulose the diffi 
culty is to disperse it in a liquid state before 
extrusion, whilst with alginic acid the difficulty 
is to prevent the spun fibres from dispersing m 
alkaline solutions 

Sodium carbonate or hydroxide solutions will 
disperse alginic acid with the production of 
viscous solutions which can be spun into fibres 
by extrusion into dilute sulphuric acid (Kring 
stad and Lunde, Kolloid Z 1938, 83, 202) 
Fibres of the free acid are unsatisfactory smce 
they are so easily dispersed, however some im 
provement can bo made by converting the acid 
fibres into calcium alginate fibres by a treatment 
with calcium chloride solution (B P 416042 , 
492264) 

Calcium and aluminium alginate fibres show 
excellent anti crease properties and, in addition, 
because of their high mineral content, are non 
inflammable They behave on ignition similarly 
to weighted silk The strength of these fibres 
is not as good as that of first quality viscose 
and they show a similar loss of strength on 
wetting Calcium, aluminium and some other 
metalhc alginates although insoluble in water 
suffer from the disadvantage that they will not 
stand alkaline washing, due to base exchange 
taking place with the formation of the soluble 
sodium alginate , chromium alginate, however, 
appears to be free from this disadvantage 

Alginic acid is prepared from kelp by alkaline 
extraction and is an article of commerce smce 
it has other uses besides that mentioned here 
It can be obtained in the pure form under the 
name of ' Manucol ’ from Albright and Wilson, 
Ltd Apart from the use of purified alginic 
acid, certain processes of Japanese origin indicate 
that it is not necessary to separate and purify the 
alginic acid before forming into fibres, but merely 
to disperse and epin various kinds of algos 
(BP 417222, 420S57 , FP 82C39I) It seems 
Jinlvka^* .that Ahw Jjrwmsd .ir .thy .vay* omr Ju* 
wlute and transparent without extensive after 
treatment 

Alginate fibres have valuable potentiabties in 
Britain as the raw material is available in large 
quantities on the Scottish coast Furthermore 
the process of manufacture appears to be simpler 
than any so far proposed for other artificial 
fibres 

Synthetic Fibres — It is only within the 
last few years that molecules of fibre forming 
substances have been recognised as bnear 
polymers of high molecular weight 31 any 
problems of fibre structure remain unsolved 
but the general form of fibre molecules has 
been estabhshed by a great deal of expen 
mental work 3Iucb of this work, and in fact 
all of the earber work consisted of investigations 
of natural fibres and fibre forming eubstanees 
The theory of the structure of the macro 
molecules of natural fibrous substances as linear 
polymers of high moleeuftr weight was arrived 
at by a combination of chemical investigations 
of their degradation products and the appli 
cation of the methods of \ ray crystallography 
to the fibres themselves Other methods of 
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investigation have p laved an important though 
subsidiary part. 


In the last 13 years a number of attempts 
have teen made to produce fibre-forming sub- 
stances of synthetic linear polymers. One of 
the earliest attempts in this direction was the 
production of polyoxymethylenes by Standinrer. 
•Johner, Signer, rt a!. (Z. pbysikah Chen. 1927. 
12S. 425). They were able to produce polvmers 
es tima ted to contain more than 50 structural 
units and which although not capable of forming 
fibres in the textile sense, did give fibrous struc- 
tures. This was an interesting achievement 
since it was a deliberate attempt to synthesise 
a fibre-forming substance, but the idea was not 
novel. Already in 1913 an isolated patent had 
been taken out claiming the production of fibres 
from solutions of polvmerised vinvl ester (G.P. 
2S1S77, CL 39b). 

Since the production of polyoxymethylene. 
Standings- and his collaborators have produced 
many other linear polymers, for example polv- 
styrene and polyacrylic acid. An account of 
this work up to 1932 is collected in Staudinger's 
" Die Hochmolefcalaren Organischen Verbin- 
dungen.’’ Berlin. 1932. In addition numerous 
other papers by the same worker have appeared 
since that date. 

Much valuable work on the synthesis and 
properties of linear polymers has been done in 
the laboratories of da Pont de Xenonrs and Co. 
in the United States and a large number of 
papers from these laboratories have appeared 
in the J. Amer. Chem. Soc. mom 1929 onwards 
by Caro them and his collaborators. 

Tn 1932 Caro titers and HiTT claimed to be the 
first to have produced strong, pliable, trans- 
parent, permanently oriented fibres ’’ which 
“ simulate natural silk.'' from ** strictly syn- 
thetic material " (-J. Amer. Chem, Soc. 1932, 
54, 1579). In the same group of papers of 
which this is one, these authors describe the 
production of ** superpolynters *’ which ere 
defined as lru°gr polymers having molecular 
weights above 10.009. They state that to 
obtain a useful degree of strength and pliability 
in a fibre requires a molecular weight of at least 
12.000 and a molecular length of not less than 
l,0QQx, although somewhat lower values would 
be valid for poly ami des, probably because of 
their stron g polar groups. The production of 
supemolyesters. mixed superpolyamides and 
superpolyesters, and superpolyanhydrides is 
described, and all these are stated to produce 
fibres of very satisfactory quality. In fact curves 
are given to show that superpolyesrers yield 
fibres after stretching and orienting that rival 
sfik to elas ticity. Unfortunately superpoivesters 
suffer from the defects of low melting-points and 
considerable solubilities in organic solvents. 
Superpolyanhydrides have the defect of hy- 
drolvsiag on standing in the atmosphere, so that 
superpolyamides and mixtures of these appear to 
be the only ones of these sucerpolymers free from 
defects (ibis. 1932. 54. 1559, 1566'. 1569. 1579). 

Linear polymers are of two types. The first 
is formed from the monomer by simple addition. 
Th° second is produced from the monomer by 
the elimination of simple molecules (H s O, HC1, 

N aCl, N H., etc.). In the latter type the mole- 


cular formula of the monomer differs from that 
of the structural unit of the polymer. This type 
might also be termed polyintermolecular con- 
densation and requires at least two functional 
groups to be present in each monomer molecule, 
e.g. hydroxy acids might lead to polyesters and 
amino acids to polyamides. Whether or not a 
linear polymer of the second tvpe wEH be formed 
depends on whether the reaction is intermole- 
cular or intramolecular. If the latter a simple 
monomeric ring will be formed, but if the former 
either a polymeric ring or a polymeric chain will 
be formed. Structural and stereochemical factors 
will usually be of the most importance in de- 
ciding whether the reaction will be intermole- 
cular or intramolecular. That is the reaction 
will be ehieSy controlled fay the nature of the 
reacting molecules and to a less extent by the 
conditions of the reaction. Generally if a 5- or 6- 
membered ring can be formed the reaction will 
be intramolecular, but if a 7- or higher-membered 
I ring would result, then the reaction is inier- 
molecnlar with the formation of a linear polymer 
(Carothers. ibid. 1929, 51, 254S). 

An X-ray study of the superpolyesters of the 
ethylene sebacate type shows that these possess 
a uniaxial form of crystallite orientation. Clear 
fibre patterns were obtained from which the 
calculated fibre period did nor agree with the 
fibre spacing derived from the chemical formula 
on the basts of a planar model. This is ascribed 
to the attractive forces between the ester groups, 
ana non-planar models are given which agree 
with the experimental results (Fuller and Erick- 
son, ibid. 1937, 59, 344). Examination of similar 
polyesters by Storks using an electron diffraction 
method confirms the fibre periods found bv the 
X-ray method {ibid. 193S, 60, 1753). 

The molecular size distribution which has 
received some attention in the case of cellulose, 
as has been mentioned under viscose, has been 
investigated by Flory, who has given a theo- 
retical discussion for superpoivesters (ibid. 1936, 
5S. 1S77). 

Following on the extensive research work 
done in their laboratories, which has been briefly 
outlined above, du Pont de Xemonis and Co. 
have protected the manufacture of synthetic 
superpolvmer fibres by a series of patents from 
1931 onwards. In U.S.P. 2071250 the super- 
polyethers. s uper polyesters, snperpolyamides, 
superpolyanhydrides and superpolyacetals, the 
molecular weights of which exceed 10,000 are 
claimed to give strong pliable fibres. These 
fibres give X-ray patterns indicating orientation 
paralld to the direction of stretchi n g. The 
superpolymers are produced by heating the 
necessarv reactants to a temperature of loO— 

: 300'C- in a molecular still at very low pressures. 

To addition detailed claims are made for a 
number of superpolyamides made either from 
c^-aminocarboxylic adds (BJ?. 461236) or from 
diamines and dfcarboxylic acids (B-P. 461237). 
or from previously formed salts of diamines and 
dlcsrboxyKc adds (BJ 3 . 474999). or from 
diamines and dfcarboxylic acids one of which 
contains an O or S atom in the chain connecting 
the reactive groups (BJ*. 487734). These are 
stated to give fibres either from melts or from 
solutions in solvents snch as phenol. The 
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process of polymerisation is facilitated by tie £3% of co polymer, which after filtering is dry 
addition of about 30% water which is removed spun by & process similar to that u«ed for celln 
in the final stagea (B P 506125) lose acetate Though similar there are some 

Probably for the reasons that Carothers and differences between the processes Thus the 
Hill mixed superpolyesters with superpoly A inyon filaments are collected on the bobbin 
amides a non polymerising amide forming sub- without twist, where they are allowed to remain 
stance can be added to the diamine-dicarboxyhc for some hours before being wet twisted on a 
acid mixture (B P -195790) and generally melting duplex nng twister with 6 turns/m The need 
point depressors of non polymeric type may be for wetting during this and other subsequent 
added {B P 501527) processes is because of the low moisture content 

The cold-drawing reported by Carothers and and consequent great electrical resistance and 
Hill to give greatly improved properties to difficulty with static electrification The twisted 
superpolymer fibres 19 claimed to bo most effec yarn is stretched about 140% to improve its 
five when the fibres are wet (B P 491111) and a strength and is then ** set ” by immersion in 
further improvement is effected if the super water for 2-3 hours at 65°C (Text. World 1939, 
polyamides after extrusion are first rapidly 89, No S, p 54) The mechanism of vinyl polv 
chilled before cold drawing (B P 501197) A mensations has been discussed by Flory (J 
variation of the final treatment of the fibres Amer Cbem Soc. 1937, 59, 241), and the strue- 
after extrusion in which the fibres are cold fare by Marcel and Levesque (ibid 193S, 60, 
drawn while wet with a mild swelling agent, 2S0) and by many other workers 
and then crimped by mechanical means or by Up to now polyamide and polyvinyl chloride 
drying in a relaxed condition gives wool like fibres are the only synthetic fibres with *atis 
fibres that can be cut into suitable staple factory tensile properties that have been pro- 
lengths (B P 514S21) Treatment with steam duced, but there is no reason to suppose that this 
can be used to set the form of the fibres (B P state of affairs will persist. Apart from the«e 
504344) Synthetic superpolyamide fibres made two polymers many others have been used for 
by the above processes were put on the American making fibres with more or less success Thus 
market in December, 1939, under the name of polyethylene (BP 472051 , 511054) and poly 
“ nylon ” which du Pont de Nemours & Co styrene (B P 47S333) have been protected as 
propose as a generic name and not a trade name fibre forming substances Staudinger and 
It is not clear from the statements available if Stanley have described the wet spinning of 
the name is intended merely to describe super polystyrene fibres Such fibres, although quite 
polvamide fibres or whether it is to include all flexible at higher temperatures, are unfor 
superpolymers If the latter it would by Innately brittle at normal room temperature*. 
Carothers s definition include cellulose and thus They have the low strength and extensibility of 
overlap the recent American definition of rayon only 0 72 g /den and 6% respectively (Chem 
given at the beginning of this article and Ind 193$, 67, 14) 

Nylon production m the Umted States is The properties of nylon, PC fibre and 
expected to be 4 6 million lb in 1940 (Text, \ myon are generally excellent, but there is one 
World, 1940, 90 No 1, p 52) A description of property m which they are inferior, even to 
the dyeing properties of nvlou has been given cellulose acetate rovon and much more so to 
by White (J Soc Dyers and Col 1939 55,409) cellulose rayons and natural fibres, that is in 
(r Dicing Aol I\,12G<i) respect of their moisture absorption The 

Apart from nylon no other polymers of the reason is the complete absence of hydrophilic 
TifremnJiWtlmt vutifreinafre Vyp*: Aiave "wen ir-vfi groups m sonm vases anh in diner cases t'no 
for fibre production, but numerous polymers of comparatively amall number of these groups in 
the type produced bv simple addition at double the synthetio polymers in comparison with 
bonds have been proposed for making artificial cellulose, fibroin and keratin. The importance 
fibres An early jvatent on polyvinyl esters has of the hvgroscopicity of wool fibres used in 
already been referred to, but it was not until clothing baa been indicated recently (Cassie, 
1939 that polwinvl fibres were produced com J Text. Inst 1940,31, T17) (r Fibres, Animal, 
merciallv In that \ ear the I G b arbemndustne Wool, this Vol , p 107c) 
exhibited polwinvl chloride fibre materials at 

the Leiptig Spring Fair, under the name of CoxnM:ors Production op Raton 
** PC fibrt,” whilst in June, 1939, the Carbide Nowadays rayon ready for immediate u«e is 
and Carbon Chemicals Corp began supplying a produced by the acetate process without any 
co-poljmrr of vinyl ehlonde and vinyl acetate interruption between the extrusion of the 61s 
under the name of “ 1 myon. ’ TheIG Farben ments*and the collection of the twisted yam 
Industrie patents cover the addition of various Most other processes are discontinuous The 
substances to the polyvinyl chloride which may normal viscose and enprammomum processes are 
or may not be removed from the final product earned out in a senes of steps in which the yam is 
Both thermoplastic extrusion and extrusion of a extruded in the first step, washed in the second 
solution in some such solvent as methylene and dned in the third. The reason for the differ 
ehlonde are M«ed (BP 473G16, 4%233, ence between the acetate process and the viscose 

*nd enprammomum processes is obvious, after 
The process of the Carbide and Carbon even a superficial consideration of the sequences 
Chemicals Corp, (U.S P 216176G) u«ea a eo- of operations involved The acetate process is 
polvmer of vinil ehlonde and vinyl acetate entirely dry, whilst the viscose and eupram 
containing 85-90% of the ehlonde This is aoniua processes require a sequence of wet 
dispersed in acetone to give a dope containing treatments. Act the fact re m ama that trans- 
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parent films are made by continuous viscose 
and cupraramoninm processes, so that there is 
no fundamental difficulty in the Trap of con- 
tinuous-rayon yam production bp wet processes, 
provided a number of difiienlties can be over- 
come. The chief of these is the necessity of 
giving a sufficient length of time for each’ vet 
treatment, and this necessitates the accommo- 
dation of some 30 metres of yarn in each vet 
process vithoat occupying an excessive floor 
space. 

The earliest attempt to vet-spin yam con- 
tinuously vas Lehner's process (Swiss P. 49S4, 
CL 19) vhich vas devised in the last decade of 
the last centnip, for the vet-s pinning , deni- 
trating and tvisting of rapon produced bp a 
nitrate process. The tvisting device used vas 
an ordinary cotton type fiver fr am e. 

In a later patent continuous production bp 
either the viscose or cuprammouium processes 
vas claimed to give improved yarns (B.P. 16495, 
1907), drying being accelerated bp first heating 
in the presence of steam (B.P.’ 20630, 1S99) 
though it is not clear hov the difficulty of the 
length of treatment vas to be overcome. The 
first practical solution of this difficulty vas 
proposed bp Eck (G.P. 300254, CL 29a). In his 
machine the freshly spun yam vas carried round 
tvo sets of driven rollers arranged on two parallel 
axes one above the other. In its passage the 
yam vas displaced step-vise along these rollers 
vhilst at the same time passing through the 
required sequence of baths. Finally the yarn 
vas dried and collected. The arrangement vas 
reasonably compact, but it may be surmised 
that it vas a very difficult operation to lead the 
yam round the rollers vhen starting the spin- 
ning. Another machine for the same purpose 
vas described by Denis in 1920 (B.P. 125394), 
but Eck's machine vas the more practical 
though it does not appear to have been used 
on a commercial scale { cf . “ Staple Fibres,” 
■nzzi cclurrn). 

The Furness machine, B.P. 37S467, vas a great 
advance on any of the earlier continuous spin- 
ning machines. It contained a mechanism for 
automatically displacing toms of yam along a 
rotating cage and it appears to be the prototype 
of the machines vhich have found large-scale 
application and are described below. 

Recently the Industrial Rayon Corporation of 
America have put into operation a satisfactory 
continuous-spinning process for viscose. Pro- 
duction is 240 million lb. a year and a saving 
of lid. per lb. is claimed. The total processing 
time from the extrusion to the dry tvisting of 
the yam instead of requiring several days is 
completed in 44 minutes, (Jentgen. Konstseide, 
1939, 21, 327,’ 374 ,- Text. World, 1939, S9, 
No. 10. p. SO). The difficulty of providing suffi- 
cient length of treatment in a compact space 
has been solved by a special form of bobbin 
consisting of tvo sets of interlaced bars. As the 
bobbin rotates the sets of bars move in relation 
to one another in such a way that the yam 
wound round the bobbin is progressively dis- 
placed from one end of the bobbin to the other 
(B.P. 4I34I3; 413414). In this iray successive 
windings of yam never overlap and about 70 
turns of yam are slowly travelling along each 


bobbin, being wound on at one end and led off at 
the other. The length of the bobbin is 7-S in. 
and the diameter 5-6 in. so that there are about 
100 ft. of yam on each bobbin, and assumin g 
the spinni n g speed to be normal, the yam will 
be held on the bobbin for about 30 'seconds. 
This is found to be sufficient for the successive 
vet treatments and for the final drying. The 
yam travels downwards from bobbin to’bobbin 
for each successive treatment and all the bobbins 
are compactly arranged and easily accessible. 
The yam is finally twisted and collected on a cap- 
spinning device as in acetate spinning (B.P. 
474973 ; 474974 ; 475023). 

Staple Fibres. — Because of the preoccupation 
of the early rayon producers with the problem 
of making a substitute for silk it is not surprising 
that in the early days of the industry scant 
attention vas given to the production of staple 
fibres. One of the difficulties vas the economic 
one, that staple-fibre rayon would have to com- 
pete with wool and cotton and consequently 
would have to sell at a much lover price per lb. 
than continuous filament rayon which vas in 
competition with silk only. Another difficulty 
vas that, in the early days at least, rayon vas 
used mainly for fabrics not subjected to hard 
wear whereas staple-fibre rayon as a cotton and 
wool substitute, would be expected to be much 
stronger. It vas only vhen improvements in 
technique vhich minimised these difficulties, 
combined with the necessity of Germany to 
replace imports of wool and cotton stopped by 
the blockade, that large-scale production of 
rayon staple-fibre began in Germany during the 
war (19I4-1S). The earliest rayon staple-fibre 
patent had been obtained a few years before 
1914 by Pellerin who realised that production 
i could be cheapened since uniformity vas not of 
1 the same importance as in continuous-filament 
production (B.P. 774S, 1910). 

Obviously any continuous-filament rayon can 
be converted into staple fibre by the mere act 
of cutting it into short- lengths. In the early 
productions this method vas used for viscose 
and cuprammonium staple-fibre although, unless 
it was* a matter of disposing of waste rayon, 
much thicker strands of filaments were span in 
staple-fibre processes so that a great number of 
fibres could be produced at each cut. These 
thick strands were produced by combining the 
bundles of filaments from a number of multi- 
hole spinnerets (B.P. 7562, 1913; 163312). 

This vas the first- step in the direction of cheapen- 
ing the process by the introduction of mass pro- 
duction methods’. The next step vas obviously 
to convert the normal discontinuous viscose and 
cuprammonium processes into continuous pro- 
cesses. This has been discussed in relation to 
continuous filament rayon in the last section. 
The difficulties in respect of staple-fibre pro- 
duction are similar though not so great since 
breaking or damaging a small proportion of the 
filaments is unimportant. The earlier apparatus 
was similar to that used for continuous-filament 
ravon. that is the strand of filaments vas 
washed, bleached and dried whilst pasting round 
a series of drums (B.P. 2SS693; Kr.P. 025049). 

It was then cut into staple lengths. Produced 
in this way the fibres were too straight for satis- 
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factory spinning on cotton or wool machinery, 
and methods have had to be devised to give the 
fibres a crimp or curl During recent years 
many methods have been proposed for this 
purpose One method was to run the fibres 
through a mp between pairs of fluted rollers 
before cutting them (B P 291120) The method 
adopted now is to cut the fibres at some stage 
during the wet processing and to allow the 
various liquid treatments (and the drying with 
out tension) to distort the fibres and produce as 
much curliness as possible whilst they are carried 
along a travelling band In addition various 
devices have been suggested in order to m 
tensify this, such as stretching the filaments 
before cuttmg (B P 499671) or by cutting 
coagulated but not decomposed filaments (B P 
509572) in order to increase their contraction 
after cuttmg Numerous cuttmg machines 
have been devised, some of which mclude 
arrangements for crimping the fibres at the 
time of cuttmg (BP 498184 , 501299 , 504792, 
507289, 507406 508228 511867) 

Another way in which staple fibre production 
has been improved is in using high speeds of 
spinning since the limitation imposed by the 
spinning pot or other twisting device used m 
contmuous filament production does not apply 
Electrical Spinning — Except for the; 
earliest processes mentioned all those that have j 
been described so far have used spinning machines 
in which the fibre forming substance has been 
extruded through spinnerets and collected by; 
mechanical means Up to now this has been the ' 
only method which has been successful com 
mercially, but it is not the only method avail 
able Another method is electrical spinning 
In 1900 Cooley described a method of forming 
filaments by extruding a stream of spinning 
solution (though the method should apply 
equally to a melt) into a high tension electric 
field, whereby the stream breaks up into fila 
ments which harden by evaporation of the sol 
vent and are later collected (B P 6385, 1900) 
Recently other electrical spinning processes 
have been described (U S P 2048651 , B P 
492966 , 514736) These processes are most 
suitable for use with non aqueous solutions and 
it is possible that some such process may be 
used for largo scale staple fibre production if 
cert am inherent difficulties can be overcome 

Modification of Properties 
In the earlj days the high lustre of rayon was 
an advantage, but later it was found desirable to 
modify this in order to produce novelty yams 
and y ams with a softer and more silk like lustre 
Other modifications also have become desirable 
for special purposes, such as modification of the 
dyeing properties or even of producing coloured 
yams These modifications have been achieved 
in practice by incorporating various solid and 
liquid substances in the spinning solution before 
extrusion As far as the general spinning pro 
cesses are concerned it is immaterial if these 
additions are dissolved or dispersed in the 
spinning solution, always provided in the latter 
alternative that the particles are sufficiently fine 
The particle size usually found satisfactory lies 
in range 0 l-l Op 


The earliest modification proposed was that 
contained in Wagner’s G P 137255 of 1901 
In this it was proposed to add various in 
descent fine powders to cellulose nitrate solu 
tions before extrusion in order to produce 
opaque filaments 

Very many substances have been suggested as 
additions to spinning solutions m order to reduce 
the lustre of the spun filaments Of these the 
most important have been petroleum jelly as an 
addition to viscose (Courtaulds, B P 273386) 
which gives a moderate reduction of lustre, and 
titanium dioxide (Smgmaster, B P 339603 , 
342743) which may be added to any spuming 
solution and gives a perfectly mat or chalky 
appearance even if present to the extent of only 
about 3% 

More particularly m the case of staple fibre 
it has become necessary to confer the property 
of dyeing with acid dyestuffs upon cellulose 
rayons in order that these will dye a solid or 
approximately solid shade when admixed with 
wool This has been earned out by adding 
various nitrogenous substances to viscose and 
cuprammonium solutions before spinning Many 
substances such as natural proteins, and syn 
thetic resins containing free ammo groups have 
been used (Fr P 840773 , B P 501603 , 501611 , 
509852) 

Rayons containing pigments and dyestuffs 
are spun but the range of shades available is 
very bmited 

General Properties of Rayons 

Fine Structure — Rayons, in common with the 
natural fibres, consist of linear polymers of 
high molecular weight They are long chain 
compounds in which the chain unit is repeated 
many hundreds of times The textile qualities 
of the fibres are governed mainly by the cha 
racter and arrangement of these chains Con 
sidenng the chains m more detail, the important 
factors are — (1) The chemical nature of the 
chain unit, which controls such properties as 
moisture adsorption, solubility and melting 
point, (2) the number of units in the chain, 
often termed the degree of polymerisation or 
inversely the degree of degradation, which con- 
trols strength and flexibility and also modifies 
the solubility and melting point, (3) the cross 
links between the chains and the distance be 
tween the chains, which control the solubility, 
the extensibility and the elasticity (Mark, 
Nature, 1938, 142, 937) , (4) the arrangement 
(or orientation) of the chams in relation to one 
another, which has a marked influence on the 
tensile properties and the anisotropy (Hermans 
and collaborators, Kolloid Z 1937, 81, 143, 300, 
1938.82,59, 1938,83,71) 

The effect of the chemical nature of the chain 
unit can be best seen by considering the different 
rayons As a first example the difference be 
tween the properties of the hydroxyl groups of 
cellulose and the ester groups of celluloso acetate 
is reflected m the higher moisture adsorption of 
the former, and the fact that only the latter is 
soluble in organic solvents such as acetone, 
chloroform, methylene chloride and acetic acid 
Again the different properties of the hydroxyl 
and acetyl groups in the degree of their as- 
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sociative forces are shown for instance in the fact 
that cellulose acetate will melt whereas cellulose 
will not. As other examples the amino- and 
imino-groups of casein and superpolyamide 
fibres (nylon) confer the ability to dye with acid 
dyestuffs, whilst the considerable proportion of 
hydrocarbon chain in the polyamide molecule 
gives it a very low moisture absorption and 
allows it to melt without decomposition. 
Similarly the absence of hydrophilic groups in 
polyvinyl chloride fibres (Yinyon, P. C. fibre) 
confers a negligible moisture absorption. 

Irrespective of whether it is a matter of 
depolymerising a highly polymerised natural 
substance like cellulose or casein, or of poly- 
merising a small molecule like styrene or vinyl 
chloride, the chain length or degree of poly- 
merisation is a decisive factor firstly in deciding 
the possibility of fibre formation and secondly 
in influencing the properties of the fibres formed. 
In the case of polystyrene Staudinger (“ Die 
Hochmoleknlaren organischen Yerbindtmgen,” 
Berlin, 1932, p. 1S6) states that a degree of 
polymerisation of 1,200 is needed before fibres 
can be produced from the polymer. Similarly 
with the polyesters of cj - hydro xydecanoic acid 
Carothers and Yan Xatta (j. Amer. Chem. Soc. 
1933, 55, 4714) state that only very short and 
weak fibres can be produced with a degree of 
polymerisation of 33, a degree of polymerisation 
of 100 being required for easy spinning of fila- 
ments with a fair strength (cf. Svnthetic Fibres, 
p. 124d). 

For obvious reasons most interest up till now 
has centred round cellulose, and this shows 
relations between the degree of polymerisation 
on the one hand and spinnability and strength 
on the other similar to those of the synthetic 
polymers. According to Staudinger and Reinecke 
(Kunstseide, 1939, 20, 2S1) with a degree of poly- 
merisation below 200 the tensile properties are 
very bad, from 300 up to S00 there is a steady 
improvement in these properties, but beyond 
1,000 there is only a negligible further improve- 
ment. As the viscosity of cellulose solutions 
increases progressively more rapidly the higher 
the polymerisation, the highest usable viscosity 
sets a limit to the highest degree of polymerisa- 
tion of the cellulose that can be used. This lies 
somewhere about S00 at present. 

From Staudinger and Reinecke 's data native 
cellulose fibres have a degree of polymerisation 
of 3,000 and modem wood pulps of S00 to 1,000. 
The regenerated cellulose rayons generally have 
lower values. Amongst rayons those made from 
cellulose nitrate had the lowest values for the 
polymerisation, which was between 115 and 200, 
normal viscose rayons have somewhat higher 
values of about 300, cuprammonium rayons 
have higher values again of about 550, whilst 
specially strong modem viscose staple fibres 
have the highest values of up to S00. 

The idea of reducing the solubility in water 
and aqueous solutions of artificial protein fibres 
and simultaneously of improving their mechani- 
cal properties by introducing cross-linkages with 
formaldehyde is contained in Millar's, • Todcn- 
haupt’s and Ferretti's processes * (cf. Protein 
Fibres, p. 115). A similar appheation of form- 
aldehyde treatments to cellulose rayons was 
' on. Y.— 9 


made by Strehlenerfc (B.P. 22540, 1S96) and 
Eschab’er (B.P. 25647, 1906), the latter’s process 
being known as “ sthenosing.” More recently 
cross-links formed by formaldehyde-urea con- 
densations and by the condensation of other 
substances in cellulose rayons, have been used 
to obtain “ anti-crease ” effects (Elod and 
Etzkom, Angew. Chem. 193S, 51, 45). Cellulose 
fibres treated with resins in this way have 
reduced moisture adsorptions and resist solution 
in cellulose solvents such as strong sulphuric 
acid and cuprammonium hydroxide. 

When fibres or fibre-forming materials are 
stretched, whilst the materials are plastic due to 
swelling or heating, the chain polymers are 
oriented parallel to the direction of stretching. 
When the plasticising influence is removed the 
chains set in their new configuration. The 
structure has increased strength and decreased 
extensibility in the direction in which the stretch 
was applied. Stretching during or after spin- 
ning is applied to all rayons with the object of 
improving their strengths. 

A number of theoretical and' experimental 
investigations have been made of the problems 
of stretching fibrous materials in general and 
cellulose fibres in particular (Hermans and 
collaborators, l.c. ; Krntkv and collaborators, 
Kolloid-Z. 1937, 80, 139; “1938, 84, 149, 26S). 
Although the theoretical and experimental 
curves relating stretching to the anisotropy of 
swelling follow somewhat divergent courses, 
the maximum possible stretch is found to be 
about 1 : 2 in each case. This applies to swollen 
gels measured in the swollen state. If, however, 
the unstretched and maximum stretched fibres 
are dried, the ratio of length is then 1 : 4, since 
the unstretched fibres contract on drying much 
more than the stretched fibres. The former 
authors give curves showing the marked in- 
crease of strength of cellulose fibres as a randomly 
oriented fibre is stretched into one which is 
completely or nearly completely oriented parallel 
to the direction of stretch. Data on the effect 
of stretching the new polyvinyl-chloride rayon, 
vinyon, show that a 200% stretch gives an 
increase of wet strength from 0-S to 3-2 g./den., 
whilst the wet extensibility decreases from 110% 
to 10% (Text. World, 1939, 89, Xc . 7, p. 55). 

It has been possible to measure the ani- 
sotropv of the tensile properties of stretched 
cellulose films (Mark. “ Physik und Chemie der 
Cellulose,” Berlin, 1932, p.*53), but no data are 
available for fibres because of the difficulty of 
making such measurements in any other direc- 
tion than that of the fibre axis. In the case of 
cellulose fibres the anisotropy has been investi- 
gated and many other properties related to the 
orientation of the cellulose chains produced by 
strut cliinc. and a number of relationships have 
been found. The most important anisotropic 
properties are: the anisotropy of swelling 
(Hermans and collaborators, lx .) ; the refractive 
indices (Pre-ton. Trans. Faraday Soc. 1933. 29. 
65): the dichroism of dyed fibres (Preston, 
J. Soc. Dyers and Col. 1931. 47, 312); the 
polarised tluoresoencc of dyed fibres (Morey, 

“ Report to the Textile Foundation.” U.S.A. 
1933: Text. Research. 1933, 3. 325; 193-5. 4. 
4P1 ; 1935, 5, 105, 4S3I 
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rapture is approximately constant as trill be 
seep for example from the values siren bv Rose 
{ibid. 1939, 30. 202). The effect of the degree 
of polymerisation on the work of rupture will 
also be seen from Rose's values for the specially 
strong *• tenasco ’’ rayons compared with 
normal ravon. 

The breaking strength wet relative to the 
breaking strength dry is another function of the 
degree of polymerisation. The less the cellulose 
is polymerised the greater is the loss of strength 
cm wetting. The degree of polymerisation of 
cellulose rayons made by different processes is 
indicated by their fluidities in cuprammoniam 
hydroxide solution, where the greater the 
fluidity, the less is the polymerisation. Mean 
values from the fluidity data for various rayons 
given by Ridge. Parsons and Comer (ibid. 1931, 

22. T117) together with mean values for the 
relative wet strengths of similar rayons taken 
(i) from King and Johnson (J. Soc. Dyers and 
CoL 1928, 44. 346). (ii) from Ridge and Bowden (J. 

Text. Inst. 1932. 23. T319). and (in) from Lilien- 
feld (B.P. 323731), together with values for 
the degree of polymerisation given by Staudinger 
and Keinecke (1. c.) are tabulated below. 
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UJi-nTcM viscose . 1 

4-4 l 

— 

Cuprammoniam . 

4-6 | 

500 

formal viscose . i 

10-5 ' 

300 

Xltrste , ' 

16-7 1 

200 


: 54% (i), 60% 

■ (U). 

50% 0). 45— 
50% (ii). 


1622 


1027 

1932 

1937 


1-50 


1- 90 

2 - 0 
2-0 


19 


23 

33 


42 

50 

50 
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Ridge and Bowden (l.c.) have' shown that 
increasing degradation of the cellulose of cupram- 
moniuin and of Lilienfeld and normal visc-ose 
rayons, as measured by fluidity, is directly pro- 
portional to the loss of strength both dry and 
wet. The dry and wet strengihSvndity relations 
run parallel with the latter displaced towards 
the zero strength axis. Since for a given in- 
crease in fluidity both the dry and wet strengths 
fall by an equal amount, it follows that with 
higher fluidities the relative wet strength 
becomes smaller. Staudinger and Beinecke 
(L c.) have published curves showing a similar 
relation between strength and fluidity, but in 
addition give values for the degree of polymeri-' 
satioo. 

Since the early days of the industry there has 
been a steady improvement in the tensile pro- 
perties of regenerated cellulose rayons. This 
has been mainly due to the production of yams 
composed of progressively less and less degraded 
cellulose. From this cause modem rayons lose 
less strength on wetting than the older ones, as 
will be seen from the table shown at the top of the 
next column, also the breaking strengths are 
higher for a given extensibility with the modem 
than with the older rayons. In 1896 cellulose 
rayon regenerated from cellulose nitrate lost as 
much as 90% of its strength on wetting 
(Strehlenert, B.P. 22540, 1896)." 


The increasing use of stretch spinning has 
contributed to some extent to the increased 
strengths of modem rayon yams, but when in- 
creased strength has been obtained in this way 
alone it has resulted in the production of yams 
with small extensibilities. Stretch spinning was 
introduced into the cuprammomum process at 
an early stage, and as cellulose regenerated by 
this process was comparatively less degraded 
than that produced by the nitrate or viscose 
processes, this rayon used to have the best tensile 
properties (Staudinger and Reinecke, l.c.). The 
position has now been equalised between the 
euprammonium and the better viscose processes. 
Exceptionally highly stretched yams of com- 
paratively little degraded cellulose were made 
by the Lilienfeld modification of the viscose 
process in England and abroad during the 
period 1926-30. These bad dry strengths of 
4 -4-6-1 g./denier and very good relative wet 
strenzths, hut unfortunately their extensi- 
bilities were very small, only 4-3-6-5%, but 
most of this was elastic strain recoverable on 
removing the stress. The extensibilities of 
Lilienfeld but not of normal viscose rayons 
can be doubled without appreciably affecting 
the strength by treatment at 2-5 = C. with 7% 
NaO H (B.P. 323731). Highly stretched rayons 
made by various processes have reappeared on 
the market both in England and the United 
States, where they are finding a use in motor 
tyre fabrics. English yams having dry strengths 
from 2-4 to 3-6 g./denier are reported by Bose 
(lx.) and these yams, as well as having very 
good relative wet strengths, have much higher 
extensibilities than the Lilienfeld yams. These 
modem strong viscose yams are claimed to have 
the added advantage of much higher elasticities 
than have normal viscose yams. Yams with 
remarkably high -dry and wet strengths have 
been made by the British Celanese Company 
durinu 1939, ' but these yams have low ex- 
tensibilities. 

Since the war (I9I4-1S) rayon staple-fibres 
have shown similar improvements in tensile 
properties to those shown by continuous 
filament yams. Jehle (Angew. Chem. 1938, 
51, 15) has given data for a number of German 
rayon staple-fibres of different dates and types. 

A 'selection from his values are shown in the table 
at the top of the next page. 
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j Breaking strength | 


Date 

Dry ' 

Relative 1 

■ bility at 
break dry 

1922-26 . 

2 1 g /den 

46 5% 

8 4% 

1936-37 

2 85 „ 

53 7 „ 

19 6 „ 


1 rom what has been said earlier it is apparent 
that moisture affects breaking strength It also 
affects extensibility Generally the higher the 
moisture content the greater the extensibility, 
not only at a given load, but also at the breaking 
point With the “ wet ’ values the condition 
of the yam is sufficiently defined in regard to 
humidity, but the condition of the yarn to 
which the “ dry " values refer needs further 
qualification Because of the experimental 
difficulties which would be encountered in 
testing perfectly dry rayon and because normal 
air dry material contains an appreciable quantity 
of moisture, “ dry ” values refer to material 
which has been conditioned at 65% relative 
humidity (B I S F A Rules for Viscose Cupram 
momum and Acetate Rayon, 1D38 Edition) 
Tables of factors have been published for 
converting breaking strengths obtained at other 
than the standard humidity to the standard 
condition (King and Johnson, le , Herzog 
Wagner, “ Physihahsch techmsches Faseratoff 
Praktikum,’ Berlin, 1931, p 114) These 
factors are of dubious value since they vary 
with different rayons, for example they vary 
with the degree of polymerisation of the 
cellulose 

When making tensile tests the rate of loading 
is an important factor m the results obtained 
The breaking strength found increases when the 
rate of loading or extension is increased (Ilunter, 
Rayon Text Monthly, 1930, 17, 739, 805) 
The value obtained vanes directly as the 
logarithm of the rate of extension (Bayes, 
J Text Inst 1939, 30, P210) Because of this 
all tests must be made at a standard, if arbitrary, 
rate of loading to obtain comparable results 
Temperature ha9 a marked influence on the 
tensile properties of acetate raj on Mark, 
“ Phj sik und Ckemie der Cellulose,’ Berbn, 
1932, p 50, gives values showing an approxi 
mately linear fall m breaking strength from 
1 4 g /den at 20°C to 0 10 g /den at 120°C 
Breuer (Kuntseido, 1939, 21, 324) publishes data 
showing that the temperature of the water used 
for wetting rayons when making wet tests has 
a marked influence on the results obtained 
Increasing the temperature results in an increase 
in extensibility and a fall in breaking strength 
Tensile data for a largo number of rayons of 
all types were published tw elve years ago by 
King and Johnson (I c ) from which it was clear 
that at that time cellulose acetate rayons were 
weaker than viscose rayons both when dry and 
when wet More recent data given by Herzog 
and Koch, “ Tehler m Tcxtilien,' Heidelberg, 
193S, p C, show that normal acetate occupies 
the same relative position, although recently 
exceptionally strong acetate yams have been 
reported (lextilo World. 1939, 89, No 10, 80) 
Casein fibres’ claim to commercial utilisation 


depends on their chemical properties, since their 
tensile properties are much inferior to cellulose 
rayon staple fibres in respect of wet and dry 
strength and are inferior to wool in respect of 
these properties and in respect of elasticity also 
(Spitalny, WaleschkewRsch and Ljaschtsch, 
J Text Inst 1938, 29, A263 , Heim, ibid 1939, 
30, P213, Diamond and Wormell, i bid 1939, 
30, P224) 

Elasticity — For the first time since I92G 
when Lihenfeld rayon was launched with the 
claim that it was a great improvement on its 
predecessors because of its remarkable tensile 
properties, a new rayon, “JSylon," has been 
launched with similar claims It is important 
to notice that the emphasis is different now from 
what it was fourteen years ago In the case of 
Lihenfeld rayon the claim was justly made that 
here was a fibre with great strength, whilst in the 
case of nylon the claim is not merely that it has 
great strength but that in addition it has 
considerable extensibility and elasticity The 
last item of the claim is most important since 
it is in respect of elasticity that all the other 
rayons are most defective compared to silk and 
wool Thus although the extensibility of 
viscose rayons may range from 16 to 24% tbe 
elastic part of this is very small and similar!} 
for acetate rayons the elastic part of the 
extensibility is only a little greater than that 
of viscose (Ohl, Textilbcr 1933, 14, 485) It 
is because of the small elasticity of cellulose 
rayons that they crease badly compared to the 
natural animal fibres However, they can be 
greatly improved by the Tootal Broadhuret 
Lee Co ’s process (B P 291473) of impregnation 
with dimethylolurea which is subsequently con 
densed to a resin in the interiors of the filaments 
by heating This treatment improves the 
strength and the crease resistance and reduces 
the swelling of the filaments in water and the 
absorption of moisture at all humidities The 
reduction of moisture content of the resin 
impregnated fibres is an important factor in 
improving their elastic properties (Elod and 
Etzkorn, Angcw Chem 1938, 51, 45), since It 
reduces the possibility of relaxation taking 
place with the formation of a stable deforma 
tion From ordinary mechanical considerations 
the strains imposed on rayon filaments when 
they are bent will be smaller the finer these are, 
so that it might have been expected that these 
would show more resistance to creasing How 
ever, although the reverse has been found by 
Quehl (Textilbcr 1939, 20, 76) hw results are 
vitiated by the fact that he vnned two factors 
simultaneously, the filament denier and the yam 
denier 

Impregnation with synthetic resin is not a 
satisfactory method of rendering acetate rayons 
more resistant to creasing (Chwala, “ Textilhilfs 
mittel,” Vienna, 1939, p 418) 

As has been said earlier, the great claim 
made m respect of nj Ion fibres is that they have 
exceptionally high elasticity This has been 
borne out by the published data Up to an 
extension of 8% there is complete recovery on 
removing the stress and at 16% extension there 
is 91% recovery (Amcr Dyestuff Rep 1939, 
28 19S) These data refer to etresses imposed 
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for 100 seconds: stresses imposed for longer 
periods at extensions winch are initially 15% or 
over will result in flow and there will be less 
perfect recovery when the stress is subsequently 
removed. 

Vinyon fibres are also claimed to have good 
elasticity,' but no data are available (Textile 
World, 1939, 89, No. S, 55). 

Casein fibres have very high extensibility but 
poor elasticity in the dry state. For example, 
after stretching to 10% the recovery after 
24 hours still leaves a 6% extension. The 
recovery is better in the wet state (Heim, J. 
Text. Inst. 1939, 30, P217). A similar behaviour 
is found with regenerated cellulose rayons 


which show a much better recovery in the wet 
state; also if wetted after stretching, dry 
cellulose rayons will recover most of the original 
stretch (making allowance for the normal 
lengthways swelling when wet) (Weltzien and 
Gotze, *■ Chemische und physikalische Tech- 
nology der Kunstseiden,” Leipzig, 1930, p. 137). 
The latter behaviour is a very useful means of 
detecting the presence of latent strains in 
cellulose rayon yams. 

Typical data, collected from a number of 
sources, for tensile properties, moisture contents 
at 65% relative humidity, densities and melting 
points of various rayons are given in the table 
below. 


P^avon. 

i 

Density. 

M.P. 

"C. 

Moisture 
absorption 
at 65% 
K.H. 

Dry str. 
g.lden. 

Met str. 
Dry str. 

O' 
j o 

Dry 

extn. 

% 

Met 

extn. 

: % 

1 Viscose normal 

1-53 

Chars 

13 

2-0 

50 

20 

22 

.Viscose strong . 

}J 


yy 

3-5 

65 

9 

IS 

.Cuprammonium . 

yy 

}* 

*» 

2-0 

60 

13 

25 

(Acetate normal . 

1-33 

250 „ 

6 

1-3 

60 

20 

30 

Acetate strong 




yy 

6-S 

SO 

7 

— 

Casein 

1-26 

— 

— 

0-9 

50 

50 

100 

'Nvlon 

1-14 

240 

4 

5*0 

ss 

20 


i Vinyon 

1-20 

*65 

(0) 

3-4 


11 

30 | 
1 


* Softens at this temperature. 


Identification . — The various classes of artificial 
fibres, cellulosic, protein and so forth, can be 
easily distinguished by the burning test com- 
bined with chemical confirmatory tests ; but 
in order to distinguish between the different 
cellulosic rayons, viscose, cuprammonium and 
partially saponified acetate, and as a check on 
the burning and chemical tests, a microscopic 
examination is essential. A summary of pre- 
liminary identification tests is contained in the 
table on page 134. 

When mixtures of rayons are present as in a 
staple fibre yam the presence of a mixture is 
most easily detected and identified by a micro- 
scope. The strength, extensibility and elasticity 
dry and wet give valuable indications even if 
carried out quite roughly in indicating whether 
regenerated cellulose or cellulose acetate rayons 
are of the normal or highly oriented type or 
whether cellulose rayons have been given an 
anti-crease resin treatment. With delustred 
rayons the delustring agent may be an inorganic 
substance which can be identified by igniting 
or dissolving the rayon and examining the resi- 
due, or it may be minute air bubbles in the case 
of cellulose acetate or vinyon, or it may be 
some organic substance. Whatever tests are 
used, it should be emphasised that it is important 
that known samples should be available for 
comparison. 
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taulds, “ Fibre in the Cotton Industry,” 
Coventry, 193S (properties and uses) ; Weltzien 
and Gotze “ Chemische und physikalische Tech- 
nology der Kunstseiden.” Leipzig, 1930 (general 
account) ; Siivern. “ Die Kunstliche Seide,” 
5th Ed., Berlin, 1926 (patent abstracts to about 
1926) ; suppl., vol. I, Berlin, 1931 (patent 
abstracts, 1926-2S) ; Faust, “ Cellulose Ver- 
bindungen,” Berlin, 1935 (patent literature to 
about 1935); Jentgen, “ Laboratoriumsbucli fur 
die Kunstseide-m Ersatzfaserstoffindustrie,” 
Halle, 1923 ; Doree. “ The Methods of Cellulose 
Chemistry.” London, 1933 (Chemical Analysis) ; 
Herzog, “ Die Mikroskopische Untersuchung der 
Seide und der Kunstseide,” Berlin, 1924 ; Pres- 
ton, “ Modem Textile Microscopy-,” London, 
1933 (microscopy) ; Mark, “ Physik und Cliemie 
der Cellulose, - ’ Berlin, 1932 ; Marsh and Wood, 
“ An Introduction to the Chemistry of Cellulose,” 
London, 193S ; Staudinger, “ Die Hocbmole- 
kularen Organischen Verbindungen Kautschnk 
und Cellulose,” Berlin, 1932 ; Mayer and Mark, 
“ The Chemistry of High-Polymers,” london. 
1939 (theoretical and fundamental). 
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ig solubility and swelling apply to observations 
rhen the fibres are treated with the reagent for 
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FIBRES, CO”i TON- 1- Gexeeal. — Cot- to it appear in early Hindu sacrecl books, and 
ton co nsis ts of the long hairs covering the seeds remnants of cotton string and fabric, identified 
of various species of Gc-*sypiuw. a genus of the by Gulati and Turner, 3 have been recovered 
natural order MalvnceS. The cotton plant from recent excavations of buried cities at 
grovrs as a small shrub or tree. It is of perennial Mohenjo-daro in the vallev of the Indus, which 
habit, but is usually treated as an annual in archaeological evidence shows to belong to a 
cultivation to avoid damage by diseases and civilisation existing in 2750-3000 b.c. 
insect pests. In certain hilly districts of Brazil. 3. Statistical.— During the pa*t 100 years 
however, tree forms are grown, which are allowed cotton has been the most widely used of all 
to remain in the ground for 7 or more years, textile fibres: its annual crop exceeds that of 
When the flower-bud first opens, the flowers are all other textile fibres put together. Table I 
generally white or creamy, but they gradually shows the average relative productions and the 
become dark red before falling to the ground on average prices of the different fibres for the 5 
the third or fonrth day. The young fruit re- years 1932-37. 

mains attached to the flower stalk and enveloped This high production of cotton has been 

in the calyx: it gradually increases in size and developed during the last 150 jears; before 
is known as the *' boll.’’ When the boll is ripe 1S0Q the world's crops amounted to less than 
it dehisces in three to five sections (loculi), 
exposing the cotton which, with the 
release of the pressure, rapidly expands 
to form a large flnffv mass and is soon 



ready for " picking." The seeds, with 
the cotton fibre adhering to them, form the 
product known as seed-cotton ; this is 
collected from the ripe bolls, and the 
cotton (or Uni), after being separated 
from the seeds by a process of " ginning," 
constitutes the raw cotton of commerce. 
Seed-cotton usually consists of about 
one-third its weight of cotton fibre and 
two-thirds of seeds. 

A cotton fibre consists of a single cell 
which, up to the opening of the boll, has 
the form of a long tube with a central 
canal, but much contorted in order to fit 
inride the cramped space available, for 
the seeds in a single large boll may bear 
as many as half a million fibres. When the 
fibres dry at the opening of the boll, they 
collapse into a ribbon form, and twist 
about their longitudinal axi«. These 
natural twists or convolutions are peculiar 
to the cotton fibre, and occur sometimes 
in a right-handed and sometimes in a 
left-handed sense; the total number 
of convolutions in a fibre is composed 
almost equally of the two kinds and 
varies greatlv from fibre to fibre even for 
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a single variety, but ranges on the average 
from 4 to C per millimetre length : reversal' 
of direction occur from once to twice per 
millimetre. 1 - 2 

Owing to its economic importance, cotton has 
been the subject of a vast amount of study 
aiming at increasing production or improving 
quality of fibre, yam arid cloth. These aims, 
and the economic importance of the fibre, are 
illustrated by the further details clasrified under 
the following headings : (2) historical : (3) sta- 
tistical ; (4) distribution : (5) cotton varieties ; 
(G) cotton growing; (7) yield of cotton; 
(S) diseases and pests ; (9) development, of lint 
hairs; (10) cotton quality; (11) chemical constitu- 
ents of cotton ; (12) cotton ginning and pressing : 
(13) cotton spinning — opening and cleaning, 
carding, combing, droving, speed frames, 
spinning, doubling and twisting; (14) cotton 
yam preparation : (15) sizing; (16) weaving. 

2. Historical. — Cotton has been used for 
textifo purposes vinee ancient times ; references 


Fig. 1. 

• 200 million lb., but bad increased to 6S9 million 
lb. in 1S35, to 5.030 million lb. in 1SS2. and to 
an average annual crop of 10,265 million lb. 
between 1902 and 1922. For the three quin- 
quennia since 1922 the average annual cm ton 
crops, including lintere, have been in million 
lb.— 

mgl-gr. l n 27- r '~ mri-.ir. 

12.203 13.431 13/*16 

| Lit Ur* are the short remnant- of cotton fibres. 
1 useless for spinning, left on the seed- in saw 
I ginning and afterwards removed by a second 
saw ginning: in recent \cnrs Imfor- ni'e 
amounted to sonic 300 million lb. per annum. 

! The cotton production in meat }Cir- J- 
I compared with that of ill- otKr inporimt 
j textile fibre- m Table II. 
i II ‘-bo”*- ho ft in recent vcor^ tr.*' f-y. n* 

rtvrn hvre* 
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Table I — Relative W orld Production and Average Prices of Textile Fibres 1 



Percentage of 

Average price 

• Quality 


total production 

pence per lb 



( 62 

American Middling 

Cotton 

53 5 

\ 52 

Indian Superfine Oomras 



{ 85 

Egyptian Sakellandis FGF 

Wool 

16 3 

/27 6 
\12 0 

Menno greasy 66 e 

Cm sbred greasy 46 s 


13 I 

1 9 

First marks 

Flax 


f 6 S 



1.10 2 

Belgian 

Hemp 


/ 18 

Indian (H J F ) 

- 9 

1 0 0 

Italian (Pi/SB) 

•Leaf fibres 

43 


E African Si-al No 1 

Rayon 

32 

33 4 

150 denier \neo*e yam (exci e 



dutv deducted) 

Staple fibre 

04 

11 0 

A isco«e 

Silk 

05 

97 9 

Japan 13/15 s 


100 0 




Average annual total production of textile fibres 1932-3’" *a 500 000 000 lb 
• Leaf fibres are Sisal Manila I en p New Zealand 1 emp 


Table II — Production of Textile Fibres in Million Lb * 


A ear 

I9"9-31 

1030-31 

1031-3" 

103° 33 

1933 34 

1934-30 

1*3.7-36 

1*36-3“ 

l*3--33 | 

Fibre 

•Cotton 

13 1S9 

1° 786 

13 605 

11 74S 

13 166 

11 804 

13 174 

15 4S4 

18 99a , 

W ool (greasv ) 

. 

3 842 

3 84° 

3 857 

3 “42 

3 SCO 

3,713 

3SG7 

3S64 1 

Jute 

4 180 

4 540 

° *”5 

2 8S0 

3 245 

3 460 

2 964 

3 S9o 

3 5 >4 

nix 

1 364 

1 413 

1 522 

I 332 

1 511 

1 5*0 

1 CS9 

1 690 

1 80a 

Hemp 

1 151 

1 073 

S53 

729 

“17 

70a 

73“ 

82a 

S44 

Leaf fibres 

1 120 

1 009 

930 

OSS 

1 014 

1 069 

1 19S 

1 >“5 

1 300 

Silk 

134 

130 

126 

116 

12* 

125 

1*1 

119 

1>1 

Rayon filament 

437 

453 

501 

5". 

G6G 

773 

0*S 

1 015 

1 00 

Staple fibre 

8 

G 

8 

21 

*0 

53 

140 

*99 

G>» 

1 


• Excluding llntcr> 


import ante and a npi V n create in production 
staple fibre made m short lengths (23-16 in 
long) on the same machinery as raj on filaments 
for spinning on cotton spinning machitim 
his «2*o shorn; a n ost raf id expansion though 
cotton continues to hold its own 

4 Distribution — Cotton is grown m everj 
continent though m lurope and Australis; i 
the crops are small the relative importance of 
tbo various sources of suppH is ill istrnted V \ 
the Bumnwn of recent crops p ven m T »• 1c III 
(average over r vear peno<ls for 19IG— 3t bt*ed 
on figures given bv Toil 1 *) whicl shows parti 
cuhrlv how cultivation has extended in Sout! J 
Imerics (Brazil, Peru in 1 ligrnt ni| in A«n I 
an 1 Europe (India China and Pussm) and in 
\fnci (Fsrvpt Sudin Fs*t Africa — Uganda 
Tanganjnha Nvasolinj and Kenya and Wert 
Africa— Nigeria, Belgian Congo etc ) 

5 Cotton A afieties —The botanical elassifi 
cation of d fierent i aneties einnot i et be sud 
to rest on a aatisfactorv basis Certain mor 
phological features have usuitlv been taken as 
the basis the most instructive according to 
Watt,* being den red from the position an! 
condition of the 1 racteoles the presence or 


absence of nectar yielding glands and the 
nature of the floss and fuzz that surro inds the 
seed 

In accordance with this scheme he divided the 
species of cotton into f ve section" thus 

I Fuzzj seeded cottons with no lint ty 
Gos'tfpttnn Stoelsu 6 St tin (wild) 

II Fuzzy seeded cottons with united 
bncteoles G \eyUctim arbortu 
herbateun (Asiatic) 

III F izzy seeded cottons u ith free bractcoles 
G htrsutum G ptruttannm G nwi 
eanum ( American) 

I I\ Naked seeded cotton* with the bm 
twAes free or ncaiYv so and glan \s 
conspicuous G borbudense G bra.it 
l ense 

A Naked seeded cotton with bractcoles 
quite free and floral glands absent C 
AiriufwiM, tropica! E Africa) 

It should be noted that although G htrsutum 
w now widely distributed the original parents in 
evrry ease appear to have been Upland American 
in orient The transplantation has not been 
icfllcteil without a radical change m tic eba 
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Table ILL— 

-Pbodcctiox of Raw Cottof 

et Mttt.tov Lb. 



| 1916-21 

19-21-26. 

f 

! 1926-31 

| 1931-36. 

I 1936—37. 

r 

! 1937-38. 

America ; 

*U.S.A 

5.965-3 

5.75S-S 

f 

7.41 6* S 

6.342-0 

i 

( 6.199-5 

9,473-0 

Mexico 

S3-6 

93-5 

> 121-6 

103-1 

i 1S6-5 

155*0 

Brazil 

195-1 

2S2-S 

i 251-5 

515-1 

S56-0 

1.141-0 

Peru 

69-6 

95-1 

119-5 

1 14S-1 

1S4-5 

I4S-0 

Argentina 

7*3 

32-0 

55*7 

116-4 

72-0 

140-5 

Others 

0*5 

29*2 

I oo — 

[ OET i 

i 31-4 

65-5 

65-0 

Asia [Europe) : 

India 

1.74S-6 

, 2.161-S 

i 

' 2.178-9 

i 1.964-9 

2.526-S 

! 

j 2.265*2 

China 

1.07S-2 

i 964-6 

1.010-5 

1.202-3 

' 1.S70-5 

I 1.541-5 

•Japan, Korea . 

• 36-3 

54-3 

I 71-0 

! 90-6 

92-5 

1500 

East Indies . . ’ . 

12-9 

11-3 

7-9 

’ 7-2 

S-0 

! S-0 

Russia 

273-1 

■ 152-2 

i 5S2-1 

953-5 

i 1.775-0 

; i.s9i-o 

Peraia 

51-4 

i 37*7 

; 45-2 

f 64-3 

1 SO-5 

SO-5 

Iran. Ceylon, etc. . 

— 

0-6 

1-6 

| 0-7 

i 4-0 

S-0 

Asia Minor and Europe 

53-6 

; 43-4 

61-4 

| 105*2 

! 

172-0 

21S-0 

Africa .- 


| 


i 



Eevpt 

556-S 

f 656-9 

; 783-4 

[ 719-5 

910-5 

1.101-0 

Sudan 

c o 
0*0 

21-3 

• 57*1 

; S6-0 

133-0 

122-5 

E. Africa (British) . 

20-6 

: 59-6 

j 76-3 

| 132-9 

174-5 

173-0 

S. Africa (British) . 

t 0-S 

5*6 

4-S 

1-3 

l-o 

1*5 

W. Africa (British) 

7*7 

i 11-7 

i li -a 

1 14-3 

190 

12-5 

Xon-Briiisk .... 

1 4-7 

1 

j 22-0 

| 49-2 

i 76 ' 5 

133-5 

1350 

W. Indies (British) 

2-0 

! 1-7 

i 2-3 

i i-s 

2-0 

2-5 

W. Indies (Xon-British) . 

5-2 

' 10-0 

11-4 

13-S 

12-5 

12-5 

Australia, etc 

0-3 

3-S 

3-S 

6-1 

t j 

4-5 

10-0 


:10.1S6-9 

i 

j 10.490-9 

t 

12.957-2 

f 12,7,01-7 ' 

15,484-3 j 

lS,S55-2 


* Exc!u4inr Enters. 


racier of the lint arising from the environmental 
upheaval. Temperature, mean length of day, 
angle of incidence and duration of solar radia- 
tion, combined possibly with radical changes in 
the frequency and extent of -watering — have 
generally resulted in the African- and Asiatic- 
grown hirsutum cottons failing to obtain the 
degree of maturity characteristic of the original 
Upland Americans. 

The advances in cytology in the present cen- 
tury have led to a new orientation of view 
regaxding the species of Gcssypiun. Two main 
divisions of the genus are clearly defined accord- 
ing to the 'number of chromosomes -f in their 
nuclei : these divisions correspond generally 

t Chromosomes — the genetic elements that together 
cake up the nucleus of a cell : separating when the 
cell of growing tissue is about to divide, themselves 
dividiug. and one of each pair re-assembling to form 
two nuclei, one for each of the daughter cells. When 
the fist s exual c ells are formed in a plant, the chromo- 
sones of the nucleus separate into two groups without 
preliminary division, and each group forms the nucleus 
of a daughter cell ; thus the nucleus in this haploid 
phase has only half the number of chromosomes present 
in the nude; of cells of vegetable tissue. These daughter 
cells divide and redivide many times, but nuclei of the 
new cells have a chromosome composition similar to 
their own ; but when fertSisarion occurs and the sexual 
cells unite to form 3 new cell the nucleus of this cell 
has the full number of chromosomes (diploid phase) ; 
which is repeated in the nuclei of cells formed from it ( 
in the subsequent vegetative division and development. 
The number of chromosomes referred to in the die- . 
cussrcn is. throughout the haploid, or reduced number. 


with the geographical division into Asiatic and 
American types; the Asiatic types have 13 
chromosomes and the American types 26 
chromosomes in the cell nucleus.” All the 
cultivated types fall into one of these, two great 
divisions, though by cross-breeding it has 
proved possible to produce cottons having other 
numbers (39 and 52) s ; and a more detailed 
classification of cottons has been put forward in 
accordance with modem genetic and taxonomic 
knowledge. 5 - 15 However, even the new detailed 
classification of Gcsntpium species cannot yet 
be regarded as complete. 

Recently, the sole member of Watt's Section 
I V, G. Kirkii had been excluded from the genus 
Gossirpiur-. and renamed Gossypirida on the 
grounds that ir differs from all the other species 
in neither grafting nor crossing with them, and 
in havina a square stem 5 ; this exclusion is 
strengthened by the discovert- that it has only 
12 chromosomes. 5 

According to Shovsted. 12 the Asiatic cottons 
have 13 large chromosomes of much the same 
sire, the American cottons 13 large and 13 small 
chromosomes, the small ones being little more 
than half the length of the large ones. Some 
American wild cottons have only 13 chromosomes 
of the same sire .as the srr.aU ones In the American 
cultivated types. For this reason Skovsted 
concludes that the American cultivated cotton.' 
of 26 chromosomes have been derived from a 
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cross between two species of Gossypium both 
having 13 chromosomes, but one set being of the 
large type like the Asiatics and the other of the | 
small type like the Amen can wild types 

6 Cotton Growing — The chief physical re 
quirements for cotton growing are suitable soil, 
temperature and water supply , where the first 
of these is not naturally suitable more par 
ticularly where long continued growing has im 
povenshed the soil, otherwise suitable in tex 
ture and depth, the deficiency in composition 
may be made good by manuring (USA) The 
temperature requirement restricts the growing 
to tropical and sub tropical regions of the earth s 
surface Where tho rams are not a natural 
source of water supply, the deficiency may be 
made good — at high cost — by irrigation (Egypt, 
Sudan India, USA) Where irrigation water 
is available, the seasonal temperatures may be 
utilised to best advantage m regions dependent 
on a “ rainy season this determines the sowing 
time , under irrigation, the temperature Often 
the harvest time ( picking ) is determined by 
the incidence of frosts which kill the cotton 
plants Thus tho growing period may be 
definitely limited at the two extremes by 
climatic conditions in such circumstances the 
varieties chosen for growing must have a grow 
ing period suitable for the conditions so that 
the seed cotton in the bolls the last natural 
phase of the plant s activity maj have an op 
portumty to mature These Bimple criteria are 
all illustrated by conditions in India under 
irrigation in Sind and the Punjab, the soil 
temperature is suitable for seed germination in 
early April frosts may occur in December and 
picking proceeds from October onwards in the 
central Indian belt under rain fed conditions, 
sowing takes place during the first break after 
the early monsoon rams m June picking in 
September onwards though further west in 
Broach and Surat, the growing period is much 
longer as more equable conditions prevail near 
the coast and picking takes place in April 
aavstda In Snstk India swing neewa afiw 
the breaking of tho north east monsoon m 
August, with picking in April to July 

7 \ ield or Cotton — The monetary return 
to the farmer for his outlay and labour on any 
given area is determined by two primary factors 
— the yield or the quantity of lmt produced and 
the quality of that lint As already indicated, 
yield is a complex quantity it depends both 
on tho variety and its environment Good soil 
and good cultivation coupled with favourable 
climatic conditions may provide a suitable en 
vironment , the next step is to choose a v ancty 
of cotton nicely matched to that environment 
Good cultivation includes not only good agncul 
tnral practice generally m draining and tilling 
the soil and caring for the crop, but also a proper 
choice of sowing date, distance between the 
plants and time and extent of watering if the 
crop is an Irrigated one In the choice of variety, 
the growing season, which limits the time avail 
able for the crop to mature must be a first con 
si feration , the Btand or the number of plants 
that come to maturity, is another important agn 
cultural factor , with a given number of plants to 
the acre the yield per acre evidently depends on 


the average yield per plant, and this in turn or 
the number of bofis (or seed pods), the numbei 
of seeds per boll and the weight of lint per seed 
Varieties that are bushy are naturally no( 
planted so closely as more slender varieties , and 
the contributory factors may differ considerably 
from one variety to another Thus the Cam 
bodia and Nandyal cottons, both grown in the 
Madras Presidency of India, have average values 
as follows 12 


! 

\anety Spacing 

Bolls 

pHnt 

Seeds 
per ' 

boll 

Weight J 

of seed ■ 
mg 

Weight 
of lmt 
per 
seed 
mg 

Weight 
Of lint 

P g 

Cambo 
diaCo 2 
(0 fur 

lulam ) 30 in 

x Oln 

8 ; 

35 

136 

76 

21 3 

Nandyal 

14 <G 

Ind i 

cam) 18 In 

x Oln 

27 j 

21 

40 

14 

79 


Climatic conditions have not only a direct 
physical or physiological effect on yield through 
the temperature and water supply but also an 
indirect effect through the incidence of diseases 
and pests 

Generally speaking the object of the grower 
is to bring as many bolls as possible to maturity 
before some limiting factor operates to causo 
cessation of growth To this end the early 
flowering varieties are favoured as leading to 
early fruiting Now certain branches of the 
lant (monopodia) do not bear flowers directly, 
ut only vegetative organs (or further branches), 
whereas other branches (sympodia) bear flowers 
as well as vegetative organs, so that one object 
of selection is the isolation of varieties bearing 
sympodia at an early stage of their life history 
, If the sympodia are borne early on the mam 
monopodial stem — between the 5th and 1 5th 
nodes, the plant has a sympodial habit — 
if the sympodia only appear between the 20th 
and 50th nodes, it has a monopodial habit * 
if the sympodia begin to appear between tho 
15th and 20th nodes the habit is “ intermediate * 

8 Diseases and Pests of Cotton 13 14 — 
Diseases and pests take a tremendous toll of tho 
cotton crop, their depredations are not only 
responsible for many plants failing to come to 
complete fruition but also for much of the cotton 
produced being greatly diminished in value 
owing to damage or staining by these agencies 
It has indeed been said that the different grades 
of Egyptian cotton which being grown under 
irrigation escape many sources of damage ansing 
from untimely rams are an exact expression of 
tho amount of pink boll worm attack 

Distant 

Cotton II ifi {Futartum rasinfectum) is the most 
widespread disease to which cotton H subject, 
it is a fungal dwease with greater incidence in 
re cions of heavy rainfall the development of 
wilt resistant varieties is the method usually 
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adopted to combat it. There is some reason 
to believe that the vrilt disease is not dne to the 
same fungus in India as in America. The symp- 
toms are -wilting of the plant's vegetative organs, 
woody parts of stem turning brown or dark 
coloured. 

- Bind; Rust is a physiological trouble common 
on the poorer soils of the U.S.A. belt, due to 
improper soil conditions. 

Cotton Ar.thrGcr.osc which attacks all parts of 
plants except large roots, is a fnngal disease 
affecting the plants at all stages of their growth ; 
on the bolls it starts as small anil red spots, 
gradually enlarging and finally affecting the boh 
contents. 

Root Kr.oUis caused by a nematode, a small 
eel-like worm that enters the roots and leads to 
root swellings, especially in light sandy soils: 
it has been stated to be second only to wilt as a 
disease causing damage in U.S.A. 

Araular Loaf Spot or Blachzrm is a bacterial 
disease of cotton, known as the former when it 
attacks leaves (as in U.S-A.) and as the latter 
when it attacks stems or branches (as in the 
Sudan and other parts of Africa}. 

Insect Pests. 

By far the most damaging insect pests of 
cotton are the Mexican boll weevil ( Anthor.omus 
c rand's) of U.S.A.. and the pink boll worm 
( Plalyedra or Pectinophora cossypieUa) common 
in most corton-growing countries, especially 
Egypt. Brazil and India. The boll weevil entered 
Texas from Mexico in 1S92. gradually spread 
east and north, and by 1921 had practically 
covered the whole cotton belt in the U.S.A. ; the 
weevil is a dark brown insect, tip to about a 
quarter of an inch Ions : its life cycle is about 3 
weeks : it seldom lives more than 7 weeks in 
summer, thonsh occasionally much longer — np 
to 6 months or more. The weevils attack the 
unopened flower buds for preference, but when 
these become scarce they attack young bolls. 
The direct annual loss in TJ.S.A. through the 
boll weevil is immense, and was estimated in 
boom years to reach £10*3.000,000. The weevils 
hibernate through the winter and a cold winter 
largely reduces their numbers : so does a hot 
summer: poiso ning them by calcium arsenate, 
sometimes dispersed as dost from aeroplanes, is 
the favoured remedy. 

The pink boll worm was first described by 
Saunders in 1S42 from Indian specimens: it 
was reported in Egypt 1906-7. Brazil 1911—13, 
Mexico 1911. Texas 1916. Its damage to the 
Egyptian crop alone has been estimated at 
£6,000.000 annually. The larva enter seeds • 
and eat their contents : the infested seeds fail j 
to develop fully and the lint is often stained 
pink and may he short and weak. The worm is 
the larval stone of 3 small brown moth, having [ 
wings of about J in. span : the life-cycle is ; 
shout 5 weeks in summer. The worms, on | 
hatching from the egrs, runnel into the bolls, i 
Carbon disulnhiue poisons them, but the only j 
satisfactory remedy is heat treatment of the j 
seed, now compulsory in Egypt. ; 

Life f Stare : Ecu Larva Pupa Adult ! 

cycle: t No. of days : 402 20,30 10/20 14 '20! 
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Other pests are the cotton leaf worm {Alabama 
argUlacea). for which arsenical preparations are 
a remedy : the cotton boll worm and cotton 
red spider (really a small leaf-suckine mite) 
affect U.S.A. crops, and are controlled by in- 
secticides: cotton stainer ( Dysdercus species! 
is a very widespread foe, known in U.S.A.. 

; India and Africa. Other leaf-sucking insects 
j are Jasmds, a most serious pest in South and 
j East Africa, and the Wh.itefiy (Punjab), 
i 9. Development of Lent Hales and 
j Quality of Lint. — T int hairs only begin to be 
formed comparatively late in a cotton plant's 
history. To take an Egyptian plant as an 
example 15 : a seed sown on March 2Sth. 
germinated in 7 days (April 4th) and the first 
flower bnds appeared after another 47 days 
(54 days from sowing) ; the first opening of 
flowers occurred after a further 31 days (So days 
from sowing). From the time of opening of the 
flowers until the bolls opened — the " boll 
maturation period.” during which the lint hairs 
lengthen and thicken — some 52 days elapsed. 

In the ease of this plant, therefore, the period 
from planting to flowering was So days, and 
for boll development 52 days : bolls of different 
ages on the same plant came to maturity over 
a period of 60 days, so that from first to last 
bolls are developing over a period of 112 days. 
Whilst 137 days elapsed before the first boll 
completed its development, other bolls continued 
to develop over the succeeding 60 days — the fife 
period of the whole plant thus being 197 days, 
or 64 months. 

The development of the lint hairs is naturally 
affected by the health of the'plant ; but although 
the number of flowers set and bolls produced 
— and so the yield — may be greatly affected by 
differences in environmental factors before 
flowering occurs, yet the quality of the lint 
depends" almost entirely on the conditions 
subsequent to flowering. The development of 
the cotton fibres has been described by Bow- 
man. 16 Balis, 1T Gulati. 15 Sheffield. 15 and others. 

Lint hairs are part of the outer epidermis of 
the ovule ; being in effect part of the vegetative 
tissue of the seed, they belong to the same 
veneration as the plant which bears the seed. 
If the particular seed has been cross-fertilised, 
this will not affect the lint on that seed, but only 
the lint home on the plant obtained when the 
seed is sown. 

Some lint hairs are differentiated as such in 
the outer epidermis of an ovule even before it 
has been fertilised, others are differentiated 
later, up to the 10th day after fertilisation. 
The fibres lengthen for the 24 days ensuing upon 
fertilisation, growth being comparatively^ slow 
for the first 6 days, but much more rapid for 
the next 15 days/ slowing down again for the 
final 3 davs of the lengthening period. At this 
stane the fibre is fully grown in length, but the 
walls are exceedingly thin, consisting of the 
original cuticle with a layer of primaiy cellulose, 
arm embedded wax. For the next 24 days 
deposition of secondary cellulose occurs on the 
inner side of the walls, in the form of daily 
rrrowth-ring=.— • :l as a result of diurnal variation 
in the conditions of growth ; each growth-ring, 
according to Ball-, consist? of some 100 fifcr.D.v- 
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laid down spirally, and responsible for the con | 
volutions, reversals, and wall pits in the dry 
fibre, thus each cotton fibre comprises some! 
2 400 fibriUfe 

Evidently, interference with the plant’s well 
being during the period after flowering affects 
the quality of the lint , growth of lint, if arrested 
for a time, may be resumed after the set bach, 
but the loss during tbo period of arrest is not 
made good afterwards In the ease quoted 
above, bolls — and lint within — were developing 
over a period of 112 days a set back to the 
plant at any time within this period must affect 
some of the lint , in the middle of the period 
• — 56 days after the first flowering — the flowers 
that opened during the first 8 day s of flowering 
would have come to boll maturity, and so bo 
unaffected by the set back, but those that 
opened between the 9th and the 66th days 
would be m various stages of thickening and 
lengthening on the 66tli day, and their develop 
ment would be interfered with accordingly, 
some would bo rather thin walled, others rather 
short The actual effect depends on the severity 
and duration of the set back If very severe, 
lasting, say, 48 days, there would be all grades 
between normal and very thin walled and very 
short Spell set backs naturally occur from 
time to time in individual localities, with 
consequent effects on the fibres comprising the 
crop, especially the last pickings 
Conditions in some cotton growing districts 
are such that the crop as a whole is harvested 
with a large proportionmf the fibres incompletely 
thickened , American Upland cottons from 
which selections have been made through many 
generations in the Punjab in India, and in 
various parts of Africa {Uganda, Tanganjika 
N Nigeria, etc ) are especially prone to this 
character Tests of quality have therefore been 
devised which include some measure of the 
maturity of the fibres 

10 Cotton Qmuty — In the trade, the 
quality of n cotton is determined by a hand and 
c\ o cxAuunatj/ra Thn amount <if fnrcwjp matter 
is estimated directly by eye, and in caso of 
doubt, by comparison with certain reference 
samples known ns “ standard grades Staple ' 
length is judged by drawing out a hand samplo 
between both hands and extracting tufts from I 
the fibres exposed at the “ fracture ’ Breaking 
a small tuft by a snap method after gripping tho I 
tuft by the thumb and index finger of each hand, j 
piles nn indication of fibre strength The 
resistance offered by the hand sample when 
being drawn out between the two hands indi 
cates the drag * bodj , ’ or “ hardness or 
* softness ” of the cotton — properties which 
have a distinct bearing on its Bpinning capacity 
Notice is also taken by eye of lustre or bloom, 
colour and the presence or absence of ‘neps,’ 
winch commonly consist of small aggregations 
of immature baits that spoil the appearance of 
jam and cloth especially m the dyed state 
In the laboratory, less subject ne methods arc 
available for assessing many of tho qualities 
of & cotton sample The quantity of foreign 
matter present may be found by means of the 
Shirley \nahscr, the principle of rvhich depends 
on the difference in buoyancy of the opened lint 
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and* tho trash the lint is first completely 
opened to the single hair stage by means of a 
saw toothed roller {know n ns a “ taker in ” 
type of beater), and then tho whole is projected 
into a stream lined airflow of narrow depth in 
which the cotton hairs are buoyant whereas tho 
trash falls through, the lmt is collected on a. 
perforated cage and the trash in a convenient 
settling chamber 

A general test (the “ Combined Stapling 
Test ’ 2S ) for judging the quality of staplo, 
measures three fibre characters the length, tho 
fineness and the maturity Every sample of 
raw cotton consists of fibres of many different 
lengths , if these are laid down, the longest first 
and then the others in order, at right angles to 
a base line the outline of the other ends of the 
fibres forms an ogive curve For tho measure 
of length, the upper quartile of this curve is 
preferred, taken yy hen the short fibres or fibres 
less than half tins length are neglected this 
upper quartile is styled the “ effective length ” 
and corresponds very closely yvith tho trade 
judgment of tho staple length, as applied to tho 
variable sample As a measure of fineness, tho 
hairweight per v nil length {inch or cm ) is used 
To measure tbo maturity, a number of fibres on 
a microscope elido are treated yvith 18% NaOH, 
and classified microscopically into threo classes 
(normal thin walled and dead, otherwise 
mature, half mature and immature) tho 
treatment with NaOH causes swelling, as a 
consequence of which tho mature hairs loso 
their convoluted appearance while the dead or 
immature hairs become Btrongly convoluted 
the thin yvallcd or half mature hairs develop 
just one or two convolutions here and there 
What might be described as a normally mature 
samplo of cotton comprises some 67% mature, 
26% thin walled and 7% dead hairs As 
already indicated, yalues for tho crops of 
different growing areas depend \ery much on 
actual conditions of growth and a particular 
farmer s crop in any ono such area may differ 
onnaulrxahbf Cram, that at bin oejjjbtj/mM-. or 
what may bo tlio usual crop Subject to this 
qualification the yalues m Tnl le IV for staplo 
length, hair yy eight and immaturity, may bo 
regarded ns typical This table also includes 
the approximately highest standard yyarp 
counts' 2 for which tho cottons arc commonly 
used, and the lea strengths at these counts 
(Tho lea strength is the strength of a skein of 
yam, consisting of 80 threads having a peri 
meter of 64 in , placed on hooks 27 in apart 
60 as to form a test specimen of ICO threads, 
which are then loaded until breakage occurs, 
after a few threads have broken the rest draw 
out without further increase in the load, which 
is registered on a dial ) 

Reference to tho physical properties docs not 
always permit a decision as to tho value of fl 
sample for commercial purposes { cases some 
times occur y\hen t\yo cottons that respond 
alike to the phj sical or dimensional tests behave 
differently m spinning 

The ultimite test of the salue of a sample 
of cotton is boyy it behax es in use That certain 
cottons are specially suited to certain purposes 
is fully recognised , thus Sea Island cotton is 



ITBP.ES. cottox. 

Table IT. 


141 


1 



Staple 
length 
32nas in. 


Per 

cent. ! 



Cotton. 



Hair-weight 
tter cm. 

10~ 5 mg. 

mature 1 
hairs and j 
per cent, 
dead hairs. , 

Suitable 

counts. 

Lea 

strength, 

lb. 


Sea Island (W. Indian) 


- 

54 

123 

55 

17 

240 * 

10 

American : 









Memphis .... 



40 

180 

45 

16 ( 

50 

42 

Texas 


. 

31 

203 

49 

12 ! 

2-1 

79 

IIS 

39 

42 

Boweds .... 
Brazilian 



28 

30 

239 

191 

79 

50 

5 > 
12 

16 

40 

Peruvian Tangnis . 



44 

236 

69 

6 

40 

Eawiiav : 




i 





SakeEaridis 



40 

142 

53 

S 

SO* 

31 

Giza 7 



44 

146 , 

61 

S \ 

so* 

28 

Tppers .... 


r 

.38 

185 

69 

6 


39 

Sudan Sakellaridis . 



46 

132 ; 

65 

12 ! 

so* 

30 

Sudan American ~ . 



39 

167 f 

5- 1 

-■>8 < 

50 

42 

Uganda 



37 

154 t 

35 

25 f 

50 I 

42 

X. Xigeria .... 



34 

176 j 

51 

21 | 

40 

50 

S. Xigeria (Ishan) . 



39 

I 

275 1 

J 

71 

5 S 

40 ; 

36 

Indian : 



5 

1 

! 


[ 

! 


Ben sals .... 



20 i 

sis ! 

68 

6 

6 i 

4S 

Oomras .... 


. • 

99 

278 r 

62 

S 1 

12 ’ 

SO 1 

Broach .... 



24 1 

263 t 

76 

12 ‘ 

16 l 

60 

Surat 1027 . . 


4 

31 . 

228 ! 

52 

15 ! 

30 

48 ' 

Punjab- American 



28 

164 f 

49 

27 ' 

20 j 

70 

Cambodia .... 



32 > 

18S 

50 

25 ‘ 

30 

46 | 

Tinnevellies . 



2G 

211 

65 

15 

16 

63 ■ 

Coeonadas. 

• 


•24 

( 

239 

79 

7 J 

14 

SO | 


* “ Combed quality.'’ 


much used for the finest hosiery underwear, 
having an excellent soft feel and an appealing 
sheen: for coarser hosiery the white Peruvian 
cotton, known as Tanguis. is very suitable. But 
in large classes of other goods the dominant 
criterion for selection of cotton is price. Since 
long fine cottons are more expensive to produce 
than short coarse ones, so the price of goods 
made from the long cottons is necessarily higher 
than that of goods made from the coarse ones, 
though for some usages the coarse cottons may 
be intrinsically more suitable. Under present 
conditions, however, the commercial valuation 
of a sample of cotton is related directly to the 
fineness of yam to which it can be spun, and for 
this reason it is customary to regard a ” spinning 
' as the best test at present available for 
judging the value of a cotton. Special tech- 
niques have been worked out for such “ spinning 
tests 5 which are generally based on the results 
obtained by processing a 10-lb. sample on cotton 
spinning machinery of the standard type used 
in the industry, as described later (r. Cottox 
Sttxxtxg). 

11. Chemical Coxsiiickxts or Cottox. — 
Proximate analyses of dry cotton show that it 
consists of some 91% cellulose, 1 to 1-5% mineral 
matter, 0-3 to 0-5% wax. 1-2 to 2-4% protein, 
and up to 5% of matter of as yet undetermined 
composition (r. Bleaceixg). 

Prom the description already given of the 


development of the cotton fibre, and the effect 
of the conditions of growth on the physical 
properties, it is only to be expected that the 
chemical constituents — especially the minor 
ones — will also be affected in their relative 
quantities by the conditions of growth and the 
extent of development of the fibres (see below 
for variations in the percentages of constituents). 
Unfortunately workers on chemical constituents 
until recently disregarded the physical char- 
acters. and it remains uncertain whether or not 
their material and their results can be regarded 
as completely typical. 

Chemical analyses of cotton have aimed at 
establishing differences between samples of 
cotton of different origin by means of their 
variable non-cellulose constituents. As will bo 
seen from the details given below of determina- 
tions of cotton wax, nitrogen and phosphorus 
contents, ash, and copper number, the native 
Indian cottons are distinguished from other 
tvpes bv these values, and the Egyptian and 
American cottons differ in their phosphorus 
content. 

For the properties of cellulose and compounds 
related to it — ovycellnlo=e. hydro cellulose, 
cellulose esters, etc.'— (r. Cellulose. Tol. II. 
pp. 456-474). 

Co'.lor, T Tax . — The wax of the cotton fibre 
which lies mostly on the surface, bnt afro 
apparently- embedded in the cell wall. Las f-x-n 
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given the name ** cotton wax ” by Schunck 23 , 1 determined the amounts and characteristics of 
the wax renders the cotton incapable of absorbing the waxes of cottons of different origin, some of 
water readily Lecomber and Probert 24 have | their results being 



Amount 
per cent 
on dry 
cotton 

Melting 
point or 
range °C 

Acid 

value 

Saponi 

11 cation 

Unsaponi 

liable 

matter 

Iodine 

American 







Upland 

035 

80 5 

21 

76 

66 

20 

Delta 

0 49 

76 5 

29 

67 

68 

27 

Mean of 12 samples 

0 44 

75 5-80 5 

25 

66 

64 

22 

Egyptian 







Uppers 

0 35 

78 5 

26 

67 

65 

20 

Sakellandis 

0 43 

77 

31 

81 

50 

— 

Mean of 7 samples 

0 39 

76 5-80 

27 

78 

64 

23 

Sea Island (W Indian) 
Mean of 2 samples 

051 

78 5 79 

21 5 

Cl 

61 5 

23 

Pentium 







Tanguis 

0 29 

79 

23 

55 

64 

25 

Brazilian 

Pernams 

Mean of 5 South 

0 54 

77 

35 

82 

63 

30 

American samples 

0 41 

70 5-79 

30 

71 

60 

25 

Indian 







Bengals 

0 34 

G8 

40 

126 

43 

30 

Oomras 

0 30 

08 

38 

148 

41 

32 

Broach 

0 33 

70 

37 

120 

45 

28 

Surat 

0 42 

69 5 

39 

96 

61 

34 

Mean of G samples 

034 

68-72 

38 

121 

45 

32 


The Indian waxes differ markedly in their 
properties from the other waxes especially in 
their saponification % alue 

The specific gravity of all the waxes exammed 
fell withm the range 0 970 to I 005, each 
extreme value being for an Upland American 
cotton 

Tho cotton waxes 2 ®* 24 * 27 23 consist largely 
of free wax alcohols, chiefly gossypyl alcohol 
CjoHjjO, and montanyl alcohol C !8 H 58 0, with 
small quantities of alcohols C„H„0 and 
C S ,H 0 O, andgly cols, CjoH, jO, and 
in addition free acids arc present — palmitic and 
stearic — w ith smaller amounts of cnrnaubic acid 
and xcry small amounts of gossypic and 
montamc acids, oleic acid and the acids 
Cj ( H <g O s and C 3 i H (4 O i Palmitic acid 
stearic acid oleic acid, carnaubic acid and 
small amounts of higher acids occur as esters, 
tho first three ns glj ccrides and cimaubic acid 
as a plvytostcrol ester \ cry small amounts of 
hydrocarbons and resinous substances are also 
present in the var 

Protein* of Cotton — The protoplasmic contents 
of the cotton fibre may lie estimated from the 
nitrogen content for which the follow mg values 
for per cent nitrogen have been obtained by 
Ridge** 

A menran Texas 0-204 , Long staple Upland 
0 204 , Georgian 0 221 , Arizona (Egyptian 
seed) 0-399 


Egyptian Uppers 0 291 , Sakellaridi3 0 315 
Sea Island (W Indian) 7 samples range 
0 2G2-0 290 Mean 0 278 
Pentium Tanguis 0 184, 0 210 Mean 0 200 
Brazilian rernams 0 260 , Ceara 0 221 
hnecht and Hall 50 found values of 0 201% 
for American and 0 248 0 202,% for Egvrti m , 
Higgins 31 found 0 180% for American and 
0 275% for Egyptian 

The phosphorus content of cotton has been 
studied by' Gcake 32 with ranges and mean 
results as follows for per cent P t O 
American Texas 0 042, Georgian 0 044, 
long staple Upland 0 001 Mean 8 samples, 
0 051 

Egyptian Uppers 0 077, 0 089 Mean 7 
samples 0 094 

Sakellandis 0 134 , 0 117, 0 105 Mean 3 
samples, 0 119 

Sea Island {\\ Indian) 0 057,0 008 Mean 
11 samples 0 007 

South American Peruvian Tanguis 0 54, 
0 63, Brazilian I’emams 0 077 Mean 6 
samples 0 068 

Indian Bengals 0 071 , Oomras 0054, 
Broach 0 124 , Surat 0 118 
Ash of Cotton — The ash content of cotton has 
frequently keen studied largher and Proberts’ 
results,** with those of others quoted by them, 
are given at the top of the next page 
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{per cent J 




Ash riAahaitv per 
?T 2 .in cf iil.. 

ir.-d 



jti'vi -:i 


Farr! 

.er and Pru 


Fa.vhr; 

ProL-rt 

dLi 


imyrif-A' 


PriJ_ 

r.'.n = : - 

>'‘X kf 

r>s. 

Ear m 


Eang». 

M-a a 

fi-m Mind . 

1-25 

1-1 

»> .> 

1-2 

n 

0-7-1 -2 

1-0 

14-4-15-6 

15-2 

-Vni 1 n Fir. 

Sru:h ~ 

1-5 

l-n- 2 -l 

2-4 » 

1 3-1-0 

12 

I -1— 1-3 

1-2 ‘ 

13-1-15-7 

14-1 


1-2-1 -7 

I -2-2-< » 

2-1 

— 

7 

o-S— 1-3 

1-2 

12-S-15-3 

14-3 

ErvTtiiri 

1-2- 1 -7 

HI- It- 

— 

1 -4-1-5 

0 

1 -1-1-3 

1-2 

14-0-I5-C 

15-3 

rndmn . . 

2-5-G -2 


2-f«-3-3 

13-4-u 

1« 

l-o- m; 

1-3 

I3-G-IG-5 

15-1 


i i- - rwait~ of tnrlb-r invtvtigators are high , show a Hive increase in strcnrth after mercenm- 

ieccm-e their cotton fi 1 tvs included sand and j tier. (c. Frsi-EiVG of Textile Faepjcs. this 

dust. er Lid r.m been « crept: loesly cleaned • VcL. p. 1S4J. 

i- d'r.e the- a=h selion exceed* When cotton is treated with a mixture of 
sh alkalinity s Lon— that the ; nitric and sulphuric acids, it is converted into 

r.r>.~ in the fibre are chiefly salts iiitro- cellulose or gun-cotton (r. Explosives}. 


1- 


*The*~ a 
"j 


c: orzzrJ? z 
rzc-pLr-te* 


c:ds; small quantities of chloridce. ' By rE-so!virg gun-cotton in a mixture of ether 
and sulphate?, of potawium. ‘ and alcohol, collodion is obtained (r. Cellulose 
nd magnesium, and smaller ‘ Lxcquees Vo!. II. 46Sc). Xitro-celiulose is also 
quantities of aluminium, iron and copper > u=ed with camphor to mate “celluloid'' (qx.). 
art- present. ! When treated with acetic nnhvdride in claciul 


cal: 




Core-:.- .\ 


c» i.c 


rn: 


• t-:,-. — The 
terial i- de£: 


copper number of r. . acetic acid solution, in the presence of a small 
it-d as th" vc-iaht in ! quantity of sulphuric acid or other catalyst, 
grams of copper reduced by 10} g. of the sample ! cotton yields *• crllnlo- 1 -: r.rdntc" (r. Cellulose 
from the cupric to the cuprous state under ! Vo!. II. 4G4d,). used "among other things for 
staud.-. raised conditions. It measures the con- 1 making a synthetic textile fibre. Cotton also 
tent o: redurinr constituents consisting of gin- dissolves in ctiprammoninm /'ammonia cal cupric 
cc^e and other sugar-like substances. Any one j hydroxide), a solution also used for making a 
typo of cotton rives a ranne of values of copper : synthetic textile fibre (r. Fieees. Ar.Trncx.ix). 
nemb-.r. and the rar.ncs for different types • 
overlap. Gibbons ar.d Geake 55 give the- follow- ( 
ing mean values of copper number for various t 
raw cot 

Ar-triecr. ; Loan staple- Upland 0-&S : Georgia' 

007 ; Texas TOO. * 

Ey-yr ‘.;cr. ; Uppers 0-P3 ; Sakelluridis 1-04. 

/.- d:sr. ; Bennul 1-54: Oomra I-G7: Surte-e j 
2-25: Broach 2-07. 

Pen. tier. ; Taunuis 0-77 : Smooth Per 
1-60. 

■Emrilicr. r Pemamsl-31: Ceara 1-37. J lint is automatically stripped on the opposite side 

ATe-rerfs-rtion. — When cotton is immersed ‘ of the roller by means of a bar. This gin is par- 
in IS% solution of caustic soda, the cellulose ! ticnluriy suitable for long staple cottons, and 
smells and fill- out its cntic uhir covering so fsmall seeded cottons, and accordingly finds a use 
that the flattened tmisted tube, characteristic j in nearly all cotton-growing countries. The chief 
of cotton, is transformed 

convoluted cylinder with Et.„ „ ... . . . 

canal. This transformation mas discovered by ! most up-to-date types. The sa .» gm is par- 
John ifereer in 15-44. and his name has since [ tfeulariy suitable for the large seeded American 
been, riven to the phenomenon. Practical use j tvpe of cotton : in this gin from *0 to SO crrcular 
of it followed the discovert bv Horace Lome in ■ sums (10 in. to 12 in. diameter), mounted on a 
IS SO. that if the transformation mas carried out i central shaft, pass between steel nbs with only 
on yam or cloth under tension, the material ! small clearance on either side; tiie seed co.iorns 
became highly lustrous. The material is either \ fed from above, the Ent is seized by the teeth of 

5re 
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12 . Conor Gimstvg ot Pf.essivg. 4 '-’ — 
Ginning consists of the separation of the lint 
■ from the seed. There are two chief types — 
' roller rins and saw gins. The roller gin consists 
! of leather discs mounted on a wooden roller. 
the leather roller turns against a “ doctor ” 
knife, the fibres clinn to the leather roller and 
ruvian i pass between it and the doctor knife, and the 
j seeds being unable to follow, are detached. The 


tufce. characteristic imne.arj.yaucotton-£ro»*t%™uiiti"=. '-p-— 

into a simple un - 1 objection to its use is its low rate of production. 
Jitile if anv central ■ being only up to SO lb. lint per hour even for the 


OT^erct: 

liquid 

Carser 


m a state ot tension thronshoat the i the saws, the seeds cannot pass through the gaps 
on. G-is allowed to s hrink in the alkaline ! between the rics and are accordingly defrehed. 

xfuch eareds necessary to ensure that no damage 
is done to the fibre by the vigorous action of the 
saw teeth. The lint is stripped from the saw 
teeth on the opposite side of the machine eithe 


nd afterwards stretched to its original 
ud kept so while the alkaE is washed out. 
id Tuner 5 have shown that the changes 

• #?<=rvtTrr? C&ZrCC 


ot twist: in commercial practice two-fold v£ms; by a brush action or by pneumatic means, 
are commonlv used of a low twist, and such 'varus i Whereas the roEer gins work individually. 
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modem saw gins are run in batteries of four, 
the seed cotton being sucked pneumatically 
from the country cart direct to feed the gin, and 
the separated lint delivered pneumatically from 
the gins direct to the press The production of 
a saw gin is up to 400 lb lint per hour Saw 
ginned cotton taken from a bale has quite a 
different appearance from roller ginned cotton 
besides being generally cleaner owing to cleaning 
operations being readily possible with the 
pneumatic convey mg methods employed 
Tho ginned cotton is made into bales m 
presses, usually in two stages — first to Ion 
compression bales {density about 10 lb per 
cu ft ) and then to high compression bales 
{density 30-50 lb per cu ft ) In USA and 
Egypt the low compression bales are made at 
the ginneries, the high compression bales at 
compress stations in U S A and at Alexandria 
in Egypt High compression saves transport 
costs, but adds to difficulties in spinning mills 
13 Cotton Spinning 40 — The processes of 
cotton spurning derive from the qualities 
desired in yarns viz (l) a certain fineness or 
counts, indicated by the number of hanks each 
840 yards long that are needed to weigh 1 lb , 
{2) strength, (3) levelness (4) appearance — 
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freedom from neps, or blobs of rolled up cotton 
fibres, and from foreign matter (small particles 
of leaf bract, stem, seed coat, etc ) All these 
qualities are borne in mind throughout the 
various stages of processing that are necessary, 
but they are attained roughly in the reverse 
order to that given 

The highly compressed bales have to be opened 
up (1) to separate off the foreign matter 
disseminated throughout the bale and (2) to 
separate the individual fibres so as to facilitate 
their proper arrangement and to achieve regn 
lanty and strength 

The chief divisions in a typical cotton spinning 
mill besides the office are — 

(1) Cotton room, (2) mixing room, (3) 
blowing room, for opening and cleanmg the 
cotton, (4) cardroom, for carding, drawing 
combing the cotton and forming roving 
(5) spinning room , (6) preparation room 

(7) cellar for conditioning the yam, storing, 
etc 

Opening and Cleaning — The high pressure 
used in forming the bales gives them a stratified 
form , in the spinning mill sheets of this bale 
cotton are peeled off by band and fed to a 
hopper bale breaker. Fig 2 , this machine has 



Fig 2 — Ho mm Opeveb 


a rising spiked lattice slightly inclined to the 
vertical which takes the cotton up past a device 
that allows part only of the cotton to go forward, 
to be penetrated bv spikes and struck by leather 
flaps, and then delivered as large lumps These 
large lumps are often transported by travelling 
Lattices, or pneumatically through trunks to 
the mixing room, where stacks are built up in 
horizontal strata of different ‘marks of cotton, 
from which the cotton is removed uniformly 


from a v crtical face so as to include the desired 
proportions of the different “ marks ’ In 
many nulls especially those engaged in irakmg 
the coarser and cheaper types of yam economy 
is secured by omitting the mixing room and 
making the mixing direct at the bale breaker, 
passing tho cotton thence straight to tho blowing 
room, so called because in this room the cotton 
is drawn through a number of machines by means 
of strong aircurrents developed by powerful fans 
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heavy pressing of the cotton at the * lap ends 
is this is held to defeat the very purpose of 
opening For this purpose single process i 
opening ’ has been developed , a senes of hopper 
feeders and openers is linked together, with 
electrical devices to control the passage of the 
cotton through the vanous units so that baled 
cotton is fed at one end and laps are made at- 1 
the other, with no handling of the material in 
between It is claimed that productions up to j 
40,000 lb per w eek and above are possible with 
a single line of such machines and that the very 
senous irregularities ansing from human lapses 
are avoided by its introduction 
Working along quite different lines, the 
British Cotton Industry Research Association 
has introduced the * Pneuopener an opening 


COTTON 

machine on the lines of the “ Shirley Analyser * 
m which a taker in type of beater (see Carding 
below) of 15 J in diameter, revolving at 1,600 
rpm, opens to a very high degree the cotton 
prepared on an ordinary type of opener, and by 
placing it in a streamlined air flow accomplishes 
the separation of the lint from the foreign matter 
Combination machines on the same principle 
are m prospect 

The exact blowing room treatment given to a 
cotton depends on the type of cotton, the 
degree to which it is compressed and the amount 
of foreign matter it contains Though the 
severe beating the cotton receives is not so 
detrimental to the fibres as might be supposed 
yet the general practice is to give as little 
beating as will serve the purpose m view — in 



Fio 5 — Single Scutcher and Lap 

short, the extent of the treatment is what is 
necessarj and sufficient As a consequence, 
there is far more vanety among the blowing 
rooms of mills than in any other section 
Card room Processes — The cardroom processes 
are, with one or two very important exceptions, 
much less drastic in their action on the cotton 
than the blowing room processes the exceptions 
are carding proper, and combing, these two 
processes complete tho final separation of the 
fibres from one another, which thereby run 
grave nsk of breakage 

Carding — The laps from the scutcher consist 
of tuftsof cotton still containing an appreciable 
quantitj of foreign matter (Irnah) It is the 
function of the carding engine Figs 6 and 7, to 
disentangle the fibres of each tuft from one 
another, and to remove the remaining trash 
Carding proper consists in passing the tufts 
between two carding surfaces, i« surfaces 


Machine, fed by Hopper Feeder 

covered with numerous fine wires set at an 
angle, with their points opposed to one another 
A tuft of cotton between two such surfaces 
moving m opposite directions may bo quickly 
disentangled and the fibres separated from one 
another Before the carding itself is done 
however, a final cleaning action is earned out 
by means of a taker m feed 
As the lap unrolls it passes between a feed, 
roller and a specially shaped feed plate, and is 
then acted on by the saw like teeth of tho 
‘ taker in ’ — a cylinder (9 in diameter) covered 
with wire set spirally in it9 surface to give 
8 rows per inch width with 4 teeth per inch 
along the wire The takeT in revolves at some 
400 rpm, cotton on its teeth passes one or 
two “ mote knives ’ which help to remove trash 
thence over the taker in grid, to bo transferred 
to the mam cylinder, 50 in diameter, moving at 
160 rpm, and covered with card wire, i* 
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smpered st eel vrire_se: at an angle, with a ' fiats are engaged in carding at any i> 
enstty ot 5 ‘JO to /5*J points per satiate inch. ’ The two cardin r surfaces are set verv 
ns second carding surra ce normally consists ot together (0-0*37 in.) and comnlete the sent 
chain of over 100 ** flats " — individual carding of the fibres. The cotton emer sfnt: 
irfa css extending over the fdth oft^-e rrvroirg ! be tv. ogu fine cardinn surfaces raises cz 
trine (e.c. 45 in.) and only 1 in. in a fore and ! slovr-rnovinn card-wire covered c viinds 
it direction- These fats revolve slovrly to * ” Goffer." 25 in. diameter, from Vhid 
scfiitate cleaning, each Sat being in position \ stripped by a fhst-os dila ting " doner cc 
.or cardinn for about 3*' minutes: some 45 th*- doffer web thus obtained is passed thr 


• mean 
ery clcs 
cpsrstiD 
T ~ fzoi 
on to 


• corot? 
throurn 




*T> . 




IV 


a. 


t '(sr^Ai * 


s&X 




'.^0 


Fic-. 6. — Krronvr^c- Flat Casing E^g 




7. — P.rvouvryG Furr CnanxyG tsogs-x: Srcmoxj.1. Earns.. *on. 











150 FIBRES, 

creasing surface speeds Much effort has been 
devoted in recent years to economising in the 
process of attenuation, with a certain amount of 
success Except in fine spinning, it is not usual 
to u«e drafts higher than 6, but in these “ high 
draft " systems the draft may be 20 or 30 or 
more Such systems depend for their success 
on better fibre control during drafting operations 
For convenience of handling, the attenuated 
products are given a slight twist and wound on 
to a bobbin — processes winch give rise to com 
plicated mechanical problems but have no 
detrimental effect on the material 
Spinning — The spinning machine proper is 
the final machine used m the formation of the 
yarn, and inserts the desired amount of twist in 
the roving, after its further attenuation in the 
spinning machine itself There are two methods 
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for inserting the twist The first is by means 
of the mule. Fig 11 , this has a carnage which 
moves in and out about 5 ft , and which came* 
many slender spindles, revolving at speeds op to 
12,000 rpm Borings are placed in a fired 
creel, and led to the spindles through 3 lines 
of drafting rollers , aa the carnage moves out 
wards roving is delivered by the rollers and the 
revolving spindles insert twist to the desired 
amount , the carnage then mores inwards, and 
the spindles revolre more slowly and wind up 
the spun yarn Twisting and winding are thus 
consecutive and the spinning process is inter 
mittent; the carriage makej a complete in 
and out movement about four times per minute 
The mechanical control is such that the tension 
during twisting and winding is controlled to a 
nicety, making possible the spinning of soft, full 



Fia II — Self Acting Cotton Mule 


HeadstOck with 24 spindles (A full siz 

y ams desired for weft, as well aa very fine yarns 
having rather low strength For these reasons 
the mule has for a long time held ita ground 
fairlv well as a means of cotton spuming against 
the developments of its formidable rival — the 
rtnj/rame, I ig 12 This takes its name from the 
flanged steel nngs that encircle wooden bobbins 
or paper tubes mounted on spindles that revolt c 
at speeds up to 10,000 rpm , cm tho flange of 
each nng is sprung a small piece of steel wire 
railed a ‘ traveller,” through which the drawn 
out roving passes on its way from the drafting 
rollers to the bobbins The revolution of the 
bobbin creates a tension in the yarn which 
drags the traveller round the nng at a slightly 
slower speed of revolution than that of the 
bobbin itself, the difference between the two 
rates of revolution represents the number of 
coil* of yam wound on to the bobbin Thus 
on the nng frame twi*ting and winding proceed 


> mule may have 1000 or more spindles ) 

simultaneously and continuously Owing to 
the tension inseparable from the method ot 
spinning, nng spinning is not suitable for very 
fine oi' very weak varus The same re 3 «on 
makes it necessary to wind the vnm on a muen 
larger diameter on a nng spindle than on a mule 
spindle, with the consequence that for a given 
weight of yam the ring spindle gives a mu fh 
bulkier package than the mule 

It mav he noted that the twist inserted in* 
yam inav be clockwise or anti clockwise, m«u 
rated respectively by the slope of the middle oi 
the letters S and Z, these also being known a* 
weft way twist and twist way twist Z twist 
is generally used for warp yams— commonly 
known as * twist ’ — and also for the roving 5 
made in the caidroom , S twist is generiuv 
used for weft 

The amount of twist inserted depends on the 
purpose for which the yam is intended, fine 
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used grey or coloured These three considera 
tions govern the choice of the preparatory 

Hr" 6 choice in eTer y ease heij 
decided on economic grounds relative to the 
means available Mule weft cops are very 

m I the C s bnHl SU f tab J e f ° r lznmediate insertion 
Jkeshuttie of a loom, ring bobbins pirns 

bJth! 8 f be made smaU f °r purpose 
f i e< 3 uent replenishing which may 
SaSSrtS-- an automa tic loom without 
dithculty, but otherwise may be expensive m 
! b ° ur . cost * For some purposes muf e P w eft may 
« mrtrT 0imd ° n a hlgh 8 P eed ^ding frame into 
COsTof *"*** th ° Ugh the 

thf a /f, r i dmg 13 / ec onped depends upon 
tho actual yarns used and the cloths being 


Z°lt n War P yams— even grey warps— require 
much more preparation than weft 
1T1 { n a fi ? e eloth there may be 3 000 or more 
individual warp yams, and in weaving the 
breakage of a single yam requires the stoppage 
of the loom for its repair, a comparatively lengthy 
operation , such stoppages are minimised by 
breaking out the weakest places in a winding 
irame, in which the yam from mule or ring 
twist is wound on to double flanged ‘warpers 
bobbins carried on vertical spmdles As each 
yam proceeds independently in this operation 
the breakage of any one jam under the tension 
ot winding merely results m the cessation of 
winding on a single spindle There are further 
economic reasons for winding” the warp 



yarns Many fabrics are of a standard type of 

SSSSrWfe 

■Sri* A° r "t"* an ‘> ‘>im Hmvigh the 

separately 


iko 13 — Beam War pee 


[ com h over a small roller to a ‘ beam —a 

wooden roller wHh large iron flanged ends The 

earn rests on a large wooden drum which is 
power driven and in revolving causes the beam 
also to revolve and wind on the 500 threads 
ine purpose of the pins is to detect broken 
a breakage causing the pin to drop 
ana the machine to stop A self stopping 
measuring motion set beforehand, causes the 
irame to stop when the desired length has been 
"i OU "? on the beam The four similar beams are 
p acea at the rear of the slasher sizer or tape sizin'} 
J'^me in this machine the threads arc led for 
am to form a stngle sheet which is led beneath 
„ . t. r Humcrsed in boiling size contained within 

a ow box The threads then pass between 

nf » CZI ? g r °llers and thence on to the surface 
.. ”° ,ar S° steam heated cylinders, for drying 
J arn9 > on leaving the cylinders the yams 
/l,^,^ C ^ ara * e i d ^ rom one another by means of 
dividmg rods, and are then led through an 
expanding reed on to tho weavers beam 
rr aU3 . of e^ing ingredients and their 
preparation are given below in section 15 
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the loom stopping, through mechanism that obviously eminently suitable where wage rates 
acts on a battery of bobbins or shuttles at one are high and weavers scarce 
side of the loom, and inserts a new bobbin or When the woven pattern is of greater com 
shuttle as required With this relief a single plesitj, consisting for example, of diamond' 
weaver may attend as many as 20 40 00 or honeycombs, spots, or small figures, and 
c\ en more looms with considerable economy in requiring saj, 12-16 stales and repeating on 
total wages This bj stem has become very 16 or more picks the tappet method of shedding 
popular in America m the last 30 jears and is becomes unsuitable, and a machine eallul a 
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fibbes, 

fore woven bv means of a different machine— 

' inventor ln tV " T CaUed after its nominal ! 
inventor. In tin- m a dune provision is still made ! 

£ £”‘‘S •£,’ ™ P ,hre "? >• ™“ * : 

from": S T ig 5P S d t t ° a h “ ,d “ “ d «i 
ii ^ 1') having a central eve 

through which the warp thread passes - twhie 

k attached to the top and bottom of the mail 

lhm°(s ei « lender leaden rod or 
] ^ J, g..M to net as a weight, whilst the 1 

15 !°, nnected to a eord that passes 

vertically nptvards throngh a hole in a board. 

the cornier font (6, Fig. 17), and is then com 

m^v?wV he TOrdS fr ° m aH otIler maUs tvhich 
move together; a master cord— the neck cord ! 

Inth f ^ ‘ t - c °nnects the junction of these cords I 
with a hook on the -Jacquard (4, Ffr. 17) - the ! 

WTS? ° f ^ nClU ' n f COTd5 * » the ! 

i- F 1 ^ 6160 ? 011 of “ails by the Jacquard 

{ )e ; i T “ r J O Lhat 0i the d °bby, perforated cards 
being m>ed to detemune the selection of mails 
° b« K^ed; one card is needed for each pick. 

1, . a P at tem of many hundreds of picks •’ 

^ r ;.™^l aS many cards; these are expensive in I 

have “ St °, ragC ’ and Tarious inventions 

T m C ,; lm d ft reducing to a minimum the 
number of cards, and even reducing their size' 

weiw SJ r ° r at J ncreasin ? th <? speed of the 
weaving. Jacquards are made in various sizes 

nmgmg from 100 to 600 hooks. The number 

wKrwJ! re -? resents {he number of staves to 
| - e --Ibcquard is equivalent, a common 

reiLw® ° D f, ° f 400 books : while for large 
4 (w patterns two maehmes, e.g. two 

may be used (Fig. 16). 

F / , ach '°n of a Jacquard is illustrated in 
at 1 nl' A b°nzontaI wire needle with a loop 
end IK I^ 0 " gh a Perforated board 2 at one 
tte ,° ther end k looped and presses 
a'wrfLl Sprm ? 3 f the loop 1 controls 

its t ,, i d , h °? k , 4 -' n-bich is bent as shown at 
b^ ? „ 7 1 n d t’ tbe J ovrer end resting on the bottom 
book is not lifted. A number 
whirf. - meta blades, on a frame, form a oriffe 5, 
the n : 15 - ed - and io ^red every pick- when 
abonf - 1 ^ dS °n er position the blades are 
hook *Tf ‘ ^bi^ lhe turned-over portion of the 
loon “Sf *be needle is pushed back, its 
the pn'fF es .^ e book slightly aside, so that when 
ton of ft? 1 ? seB , J ts blade misses the turned-over 
do Hm 6 -J 00 ^ and the hook does not rise, nor f 
needle;? 311 ? f h mb it controls; but if' the! 

cafrh ;n'^ 0 i PUSh p d back - the griffe blade does 
^frh rnthe top of the hook, which it lifts as it 

effected 6? ,P as bmg back of the needles is 
one P er ^ ora ted cart *s ; for each pick 

“ cvlindc --? 1 3 s( 3mire-section prism (the 
all the min P resses a card against the ends of 
iuthec-irH ^bere holes have been punched 
nasi tt )P , ’ ‘ be ends of the correspoading needles 
control ??? 511 / be LoIes - a nd the hooks they 
Ctiffe V ^Placed, but are lifted by the i 

to then-fr c< ff K v ' bb no holes punched opposite 
the cor-p- ‘■be card are pushed to one side, and 
lifted I)-- < ) K ' aa -~- g books are displaced and not 
in Pi~ "i - e ,r , > as shown for alternate hooks 
iuserVd ° sbed is formed and the pick 
of th? ’J le c -\ c!e 15 completed bv the removal 
cans" ih a mrated. card, when the spiral springs ■ 
needles to revert to their original j 


COTTOX. 



Fig. 17. — Action of a Jacquard. 
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jw^ition*, the gnffe descend*, and with it, by 
the action of the lingoe®, the hooks that it lifted 
\nother cycle for the next pick then begins, the 
next perforated card being presented to the ends 
of the needles, the new «hed is formed, the pick 
is inserted, and so the figure wearing proceeds 
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FIBRES, VEGETABLE. Classification. 
\ egetable fibres are most satisfactorily classified 
according to the part of the plant from which 
they are derived On this basis there are three 
groups, as follows 

(1) Bast Fibres or Stem Fibres, obtained from 
the fibrous strands which occur m the inner part 
(hast) of the cortex of the wand like stems of 
certain dicotyledonous plants These fibres are 
■ normalh extracted by retting, followed bv 
| mechanical or hand treatment Increasing 
1 attention is, however, being given to mechanical 
and chemical processes as alternatives to retting 

I Flax, hemp, jute, BimLpatam jute, sunn hemp 
and ramie are the most important fibres of this 
class 

(2) Leaf Fibres, extracted from the leaves or 
leaf structures of monocotyledonous plants. 

I The fibre is normally separated by purelv 
mechanical processes involving the crashing of 
the leaf and the scraping of the leaf tissue from 
the fibre strands 

The chief leaf fibres of commerce are Manila 
hemp, sisal, henequen, Phormium (Xcw Zea 
land “ flax ’ ), Mauritius hemp, piaasava and 
other brash making fibres, and enn vegetal 
(3) Fibres from Seeds and Fruits —Cotton, a 
true seed hair, falls in this group, as also do the 
flosses, e g kapok (actually kapok fibres are 
attached to the capsule), eiraul and akund As 
the seed hairs exist naturally in the free state, 
the separation of fibre from seed is all that u 
needed for their isolation 
Coir obtained from the fibrous husk of the 
coconut 13 another important member of this 
[ class of fibres 

Commercially . fibres are classed as 4 soft " 
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and the Liral varieties fth“ h-r-r-r,^ u 
produced by the Linen Industrv Research l==oc^ 

X ° Ahem Ireland) ^idch^vieH 

°°'° more fibre per acre than the ordhiarv 
commercial varieties. The cultivation offkx 


[Bioehem. 


•n ci n~T , - cue cenuiose 

n the fibre. The low-xylan group, vith under 
> /? of xymn calculated on the cellulose. oom- 
jnses the high quahty te.vtfie fibres, whereas the 
tores ot coarser type, culminating in the hard- 
rooos ana straws, are found in the hfrh-xvlan 
13 T7 °/o- Fone of the fibres examined 
yielded ceJubse with between 6 and 13°' 0 f 

'-e 11 F 315 aIso established that the decree 
of ligmSrabon gave no indication of the ivpe of 
cellulose to be met with. * ^ 


^ fibtes H ing ^Dtiafiv cordage 
i l 5 C % n to ^ eveT J V i e standard hard fibres 
H? { fiores -- =od the soft fibres all bast 

uIie Dotamcal and the commercial 
cations correspond. 

Chemically, vegetable fibres are I com mercial varieties. The cnltivatic 

cellulose associated with various amount of ! ?i° spe . cial difficulties. The seed 

%nin, pectinons substances, hemicellula;^ 1 ! and can be grown in almost snv 

rraxes, etc. Trom the analvsis of a lar^e number 1 7 °\ tbaf: is neither excessively light nol 

af different vegetable fibres a r~ w,™ ! rtl i elIle *- r heavy. The crop takes’ about 14 

- * J- 1930. AT:' W37 31 IffS K k ”f"S Si ” °™ er M ob “» * 

1 r n- fuIly ”P°- The plants are harvested 
by pulling, either by hand or bv m«ans of 
mechanical flax pullers. If the seed is to fcl 
saved, as is frequently the practice, deseedin-r 
^ earned out by dra’^ins the head* 
Ox the stems through coarse rippling combs which 
remove the seed bolls. Mechanical rippere mav 
now be employed. 

. getting, the next very important stage in the 
isolation of the fibre, has for its purpore the 
loosening of the fibre strands from the central 
woody core of the stem, so that, in the subsequent 
processes, the fibre may be separated from the 

on the dfmFH V““*. t^cuuns ana stem with the minimum of breakage waste am-i 

^^ ,Cr05C °Tm character- ! loss of strength. Sub-division of tKS 

cells of which thp fibre b ™ ■’ fibre b ’i n , dIes s!louM afro follow as a resnlt'of 

^ ^ Heermann aTd ( Si t^l £ 

Ye** York, iW • Textile Pi hers? [Tvhich lies immediately under the cortical layer 

SeArlo p ’ tT ? o’ Kelaney and G. O. j ana surrounds the voodv core. Ordinarv ret- 

tentative fvfxl B -’- 19 ?-c’ 10 - 6 ' 35 J‘ 1116 ‘ tin = Processes consist essentially of the fermenta- 

m_x..od= for the identification of textile ! tion of the- rmrimmi; ,.r u,,, 


x c „x ,. , - - x>- iswu. 1UO, oo/. iUe 

x nta t ive methods for the identification of textile 
^-S-T3L D27G-37T (Proc. Amer. 
boc^Testmg Materials, 1937, 38, 1174) are of 
assurance in the identification of the commoner 
vegetable fibres. 

bast fibres. 


Flay ci, - _ m “ J iibre strands from, the woody core and from eae 

of fbp i 5 from the hast • other is easily effected. Several different sv- 

. tne stems of the flax nTunf r*r,i,rr. J _ 


w i • — - — vi tut itimcutd* 

tion of the pectinous material of the middle 
lamella joining together the thin cell walls of 
the soft bast. This is effected by micro- 
organisms, especially Granulobicter p~ct!novonim 
(= Amylobacicr piclinovontm), naturally present 
, on the stems. After retting, separation of the 
j fibre strands from the woody core and from each 


Ox the stem- of the flax plant. Lin urn ufiiatis- 
Fam. Linaces. Linseed oil is derived 
irom the seed of the same plant. The varieties 
grown for oilseed have, however, different chs- 
x Ll ? the fibre flax plant, thev are 

treated ehiefiy in warmer eonntries,* e.u. 
- v^tine, India and Forth America, and do not 
. - a valuable Sbre. Elax is grown for fibre 
countries, notably in Russia the 


terns of retting are practised : 

Deic Lifting . — This process, which is very 
commonly employed in Russia, and to a certain 
extent in other countries, consists in spreading 
out the freshly pulled straw on the grass in 
meadows and leaving it exposed to the action 
of the weather until it is sufficiently retted. 
The straw may be turned from time to time but 
otherwise receives no attention. Dew retting 


, wuatnfc, notably in Kussia the J otherwise receives no attention. Dew retting 
Stac« L v l! T K ‘ I ^ c mg country, and in the Baltic | is the cheapest form of retting and the simplest 
iand^ ' ,[ Rclgium, France. Germany, Hoi- i and easiest to carry out, but dependence on 
of fi anb -Northern Ireland. The chief uses j climatic conditions renders the method incapable 
* j,? x &re I° r xhe manufacture of linens, for j of control and uncertain in result. Under ideal 
. , , = canvases capable of resisting exposure ! conditions, however, a first class product 
hard usage, e.g. safldoth, tent-doth, tar- S ^ 


v. ,. ~ — -<xxxuxui.u, renr-ciorn, rar- 

p-.uun, 6x0., and for the production of strong 
_ ’ ta< ^ = mid twines. Linen rags and cutrings 
bl e paper-makrn g material imparting 
7= 1 1 an< I ' wetness ” to pulps in which thev 

are incorporated. 

Cultivation and Preparation of the Fibre . — 
, s t ls a n annual which reaches a height of 
c i j L " IT - The plant consists of a single 
'j, stem usually devoid of side branches 
F ‘“ an those bearing the flowers, which may 
- ei her blue or white according to the variety. 
ll® 1 plant breeding work has now made avail- 
e ae . -strains, such as the Stormont varieties. 


-r— 

Under ideal 
can he 


obtained. 

Water Petting . — There are two different 
methods of water retting, Irish dam retting and 
Courtrai, or double, retting. The Irish method is 
carried out by the farmer who has grown the 
crop. Bundles of the straw are packed in a 
dam or pond, are sunk by weighting with 
stones, aniare left to steep. From 9 to 10 days’ 
retting is usually required. The Irish method 
has the disadvantage that every small cultivator 
produces a slightly different product and the 
spinner is therefore supplied -with a large number 
of small and varying batches of fibre. 

The Courtrai system of double retting in the 
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Extraction with 70% alcohol separated the 
“ Hydratopektin " into 55% of hexopentosan 
(galactan bevulosan xylan diaraban) and 45% 
of the CaMg salt of Pektma&ure (not identical 
with other workers' pectic acid, Ehrlich’s 
nomenclature is his own) For l’ektins&ure, 
Ehrlich and Schubert suggest the formula, 
C 4# H S8 O 40 , corresponding to diacetyl arabino 
xylo galacto dimethoxyl tetragalacturomo acid 
S T Henderson (JCS 1928, 2117) used 
the ammonium oxalate extraction method to 
isolato the pectin and assigned to flax pectic 
acid the formula (C„Hi 0 O 6 4C 6 H 8 0 8 — H 2 0) w 
galactose tetragalacturonic acid This con 
elusion was criticised by Norris (Biochem J 
1929, 23, 195) who supported Nanp, Paton and 
Ling s well known galacto arabino tetragalactur 
onic acid ring formula for poetic acid on the 
grounds that the yield of furfuraldchyde from 
llax pectic acid was too high and the uronic 
acid content too low for agreement with the 
requirements of Hendersons formula It has 
since been pointed out, however, by Norns and 
Reach (i6id 1935, 29, 1590) that Nanji, Paton 
and Ling’s formula was based on an incorrect 
value for the yield of furfuraldehyde obtainable 
from uronic acids In view of the incomplete 
ness of our knowledge of the chemistry of the 
pectins, any attempt to assign a formula to flax 
pectin must, at present, bo received with 
caution Neither Henderson nor Norris con 
firmed the presence of xylose or acetic acid 
among the hydrolysis products of flax pectin 
and it seems clear that the material investigated 
by Ehrlich w as not identical with that examined 
by other workers Tho xylose he obtained may 
have been derived from partially lignified tissuo 
associated with pectins in the cell wall 
Tho constituents of the cell wall of flax fibre 
have been investigated by Schmidt, Haag 
Abelo and Sperling (Ber 1925, 58 [BJ, 1391), 
who treated the fibre with CIO, and 
Na,S0 3 and put forward tho hypothesis that 
tho mcrustants a to esters of a phenolic sub 
stance and poly saccharides united by the car 
boxjl group of galacturonic acid A E fash 
more (JCS 1927, 718) examined mechanically 
separated fibre which had been washed free 
from extraneous matter, extracted with alcohol- 
benzene, freed from pectins with ammonium 
oxalate, and from free he nu celluloses with cold 
4% NaOH The purified fibre had an a 
cellulose content of 82 8% and still contained 
15-10% of material soluble in 2% NaOH, 
most of winch, since the middle lamella, con 
slitute only a small percentage of the weight of 
tho fibre, must be present in the cell walls 
Hydrolysis with 1% H,SO* at 130-140°C 
yielded a mixture of sugars among which 
glucose, galactose, xylose and fucoso were 
identified Treatment with water at 140- 
ISO’C produced about 4% of hemiccllulose, but 
there still remained in the fibre about 10% 
of material soluble in boiling, dilute NaOH 
Cashmoro concluded that the non cellulosic 
portion of flax fibre is composed of a hemi 
~ cellulose, bound to the cellulose cither by u 
lie linkage or by means of the carboxyl 
the " uronic anhy dnde group ” together with 
ore firmly hel 1 material of unestabhshed con 


CGI TABI E 

stitution Henderson {l c ) isolated 2% of hemi 
cellulose os a MgCa salt and about 5% of a 
hexopentosan by boiling flax straw with watei 
under pressure 

Bibliography — In addition to tho references 
cited in tho text tho following authors may ho 
consulted I Toblcr, ‘‘ Der Ilachs als I aser 
und Olpflanze,” Berlin, 1928, \V Kind, P. 
Koenig, M Muller, E Schilling and 0 Stem 
brincL, “Der riatihs, Abt I, Botanik, Kultur, 
Aufbereitung, Bleiclierci und Wirtschnft dcs 
Uachscs,” Berlin, 1030, G 0 Scarle, J Toxt 
Inst 1930, 27, PI 07, W II Gibson, J Roy 
Soc Arts, 1933, 81, 055 

Hemp — Common or true hemp. Cannabis 
sahia, may, like flax, bo cultivated either for 
fibre or oilseed, v HEMrsEED Oil Tho plant is 
grown in Eastern countries as a source of 
narcotics, e g hashish, bhang Confusion has, 
unfortunately, arisen from tho usa of tho word 
hemp in the names of other distinct and com- 
pletely different fibres such as Sunn hemp 
[Crotalana juncea), Manila hemp ( Musa tex Mis) 
and New Zealand hemp (Phormium) True 
hemp is strong and durable and more closely 
resembles Bax than any other fibre, indeed, 
liemp is often used as a substituto for coarse 
flax For many centuries it was tho chief rope 
making fibre but has now to a great extent been 
displaced by Manila hemp for this purpose In 
other fields tho position of hemp lias declined 
in favour of juto which, although weaker and less 
durable, is cheaper and more easily spun 
Sunn hemp is also a serious competitor Hemp 
is now employed mainly in the manufacture of 
strong twines and threads, net twines, carpet 
warp, canvas, sailcloth and ropes of high 
quality The tow is used for tarred oakum and 
for packing pumps, engines, etc Hemp is alio a 
useful paper making material reaching tho mill 
in tho form of rags, old ropes and cordage, etc 
It is used in good quality wrappings and, by 
reason of tho ease with which it fibrillatcs, it is 
specially' suitable for thin papers, eg cigarctto 
tissues and India printings According to 
Dewey and Merrill (U S Dept Agnc Buff 40t, 
1916) hemp hurds, t e tho fragments of woody 
stem separated from the bast in scutching, are 
suitable for the manufacture of printing papers 
when treated by tho soda process The l’omilio 
(chlonne-soda) process of pulping is claimed to 
give good results with liemp straw 

The more important hemp producing countries 
are Russia, Italy, Jugoslavia, Rumania, Foland, 
Hungary and China The plant, which can bo 
grown on low moorlands too infertile for most 
Other crops, is a dioecious annual with a straight, 
undivided stem, from 5 to 10 ft or more in 
height The female plant matures later than 
tho male, a fact which has proved a difficulty 
in the mechanisation of harvesting Tho fibre 
is obtained from the straw by water retting or 
dew retting in a manner similar to that mod in 
dealing with flax After retting the fibre re 
dried and scutched The separation of the fibre 
from the straw by mechanical means is living 
practised {green hemp), hemp lends itself to 
this process more readily than does flax 
Cottomsation has now reached the stage of 
commercial production C Levi (18th Inter 



IIBKES, VEGETABLE 


160 

moisture (New Zealand Dept Sci Ind lies , 
8th Annual Ropt , 1934, 17) 

Bibliography — E II Atkinson, PhormJum 
Tcnnx, Tho New Zealand 1 ibro Industry, Now 
Zealand J. Agric 1W1, 22, 81-SC, 203-216, 283- 
289, 347-350 , 23, 103-107, 298-302, also 
availablo ns Now Zealand Dept of Agric Bull 
No 95 (New Senes), 1922, E Colliding, 
*' Cotton and other Vegetable 1 ibrcs,” London, 
1919 

Sisal and Henequen — Sisal fibre is derived 
from the leaves of plants of tbo Agavo faroilj 
(Para Amarjllidaccn), in which it occurs cither 
as serving a purely mechanical function or as 
eociated with the vascular bundles Tho fibre 
strands run longitudinally through tlio leaf and 
vary in length from a few inches to tho full leaf 
length A leaf of A sisalana contains approx! 
mutely 1,000 fibre bundles The morphology of 
Agave fibres anil their distribution in tho leaf is 
described by F J Nutman (Empire J Lxp 
Agric 1937, 5, 76) 

The Agaves aro indigenous to South and 
Central America but hove been successfully 
introduced into most tropical countries lho 
clucf sources of commercial supply aro Mexico, 
Tanganyika, Kcny a and tho Dutch East Indies 

Mexican Bisal or hcnerpien ” is obtained 
mainly from Agaic foureroydes, but other 
varieties of Agavo occur in tho Mexican platita 
t ions— a fact winch is held partly to account 
for the variability of the Mexican fibre Fast 
African and Dutch East Indian Bisal aro derived 
Bolely from tho IcavcB of Agave aisalana Bluo 
sisal, Agave amaniensis, a new species dis 
covered at tho Last African Agricultural Re 
search Station, Amnni, lias, however, attracted 
attention bv growing more quickly and yielding 
a longer and finer fibre than sisalana Com 
mcrcial production of this fibre m East Africa 
may bo expected 

Culnrelioir — Tho Agaves aro very hardy, 
Jjttlo subject to disease, ami capablo of being 
grown on soils unsuitable for most other crops 
In East Africa A sisuhjnn takes about 3 years 
to reach maturity Ay which Amo iVs thich, 
fleshy, tapering leav cs hav o reached a length of 
3-6 ft After » period Df lenf production, 
which vanes according to soil and climatic con 
ditions, tlio plant sends up a tall flow enng stem 
or “ pole,” which blossoms and soon afterwards 
withers and dies Viable seed is rarely pro 
duccd anil propagation is entirely vegetfttne, 
being effected cither by means of suckers or by 
* bull ils,* small plants w Inch are produced in 
largo numlicrs in tho axils of the bracts on tho 
flow or stems 

As cultivated in 1 asfc Africa and the Dutch 
Fast Indies, sisal is essentially a crop for very 
large, htghly mechanised plantations Tho 
leaves are first cut when the plant reaches 
maturity, t e when, in East Africa, it is J or 4 
years old, and subsequently biennially During 
its lifetime a plant may bo expected to province 

4-300 leaves yielding 3-4% by weight of 
Cutting of tho leave* is continuous 
throughout tho y car 

A* they aro cut, the leaves aro transported on a 
light railway to a centrally situated factory 
where decorticating machines mechanically ex 


tract the fibre from tlio pulpy leaf tissue A 
current of water passing through tho machine 
simultaneously washes tho separated fibre and 
sweeps aw ay’ as fiutno w nsto tho leaf tissuo and 
tho fibre too short to bo retained in tho machine 
Thorough washing is necessary m order to pro 
eervo the colour of the product The hnnhj of 
fibre aro dried either by hanging m tho sun or 
by means of an artificial dryer, tbo latter method 
being usual in tho Dutch East Indies for 
cbmatio reasons Tho dried fibre passes to 
brushing machines in which adhering loaf tissue 
is removed and tho fibre combed, straightened 
and generally improv ed in appearance 1 mally 
tho sisal is baled under high pressure 

Tho cultivation and extraction of henequen 
fibre follow similar lines to those described 
above Less attention is paid to detail, however, 
and tho fibre js, in general, rather more vanablo 
and infenor lho plant differs from Bisal in 
having a considerably longer life but its annual 
leaf production is lower lor details of tho 
Moxican industry reference should bo made to 
If T Edwards (US Dept Agric Bull No 127*. 
1924), nnd to V A Reko (rasetforscluing, 1911, 
0, 118) 

Tho profitablo utilisation of tho various waste 
.products of tho Bisal industry has been tlio sub 
jeet of sovcral investigations 

Decortication t Paste — Of every 100 tons of 
leaves convoyed to tho factory about 3 tons is 
fibre and 97 tons is waste This waste material 
is usually a source of embarrassment On 
account of its high acidity and its sugar content, 
it cannot bo returned direct to tho land Most 
frequently it is either dumped in a riivmo or 
run into a stream which is thereby seriously 
polluted On somo estates it is burned in tho 
factory furnaces lho cnlonfio vahto of tlio 
wasto and various methods of burning it are 
noted by 1’ W rrciso (Tropctipftamer, I9?i, 
37, 410) On incineration it will give 11-13% 
of ash wlucJi may bo used ns a fertiliser, Com 
posting experiments hav o also given promising 
results S C Lay-roll (1 nst African Agric J 
{ffSf, S Ajj u'cscri Acs a scAcina w A ere Ay a gritfatf 
tho end of tbo factory flunio retains tho solid 
matter, which is converted mto humus by com 
posting, whilst tho liquid wasto is led away and 
used for irrigating food crops Tho decorticating 
machines fail to retain about 20% of tho fibre 
in tbo leaf and recovery of tins, mainly short, 
fibre, in tho form of flu mo ton , may bo practised 
1 lumo tow recovery in conjunction with com 
posting would hav o tho advantngo of remov ing 
from tbo material which goes to tho composting 
boils that portion of it most resistant to decay 
Paper making trials on the dried waste (Hull 
Imp Inst 1930, 28, 422) show that a good yield 
of strong, long fibred pulp can bo obtained from 
it by a mild soda digestion I’rc treatment of 
tho material to remove as much ns possiblo of 
tlio non fibrous tissuo is necessary Attention 
has also been directed to tho possibility of pro 
ducing alcohol either from the sugars contained 
in the juice of tho leaves, or by the hydrolysis 
and subsequent fermentation of the ccllutosic 
constituents of tho sohds in tho waste Tho 
sugar content (1— 1 75%) of East African sisil 
leaves is too low for commercial utilisation 
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(Empire J Expt Agnc 1937, 5, 100) found an 
average tensile strength of 791 and 854 g and 
an average fineness (in mg per 10 cm length) 
of 2 29 and 2 16 respectively 

Mauritius Hemp — Mauritius hemp isaleaf 
fibre derived from Furcraea gigante a (Fam 
Amar„ llidacere), a plant ■which resembles the 
agaves in its growth and habits The plant can 
be grown in most tropical countries but the 
fibre is produced in commercial quantity chiefly 
in Mauritius The tonnage exported fluctuates, 
increasing with a rise m hard fibre prices but is 
seldom very large 

The fibre is obtained both from wild and from 
plantation grown plants It is extracted from 
the leaves mechanically m small machines 
steeped for 3G-4JJ hours m water containing 4% 
of soap thoroughly washed, sun dried, brushed 
and baled The yield amounts to about 2% 
of the weight of the leaves 
In general properties Mauritius hemp re 
sembles sisal but it is usually longer, finer, softer 
and weaker Locally it is manufactured into 
twine, coarse doth and bags for the shipment 
of sugar The exported fibre is used for cordage 
and for binder twine and sometimes for admix 
ture with other hard fibres for rope manufacture 

Piassava — Piassava is a long, stiff, wiry 
fibre obtained from the leaf stalks of certain 
palms Bahia piassava (Attalea fumfera) and 
Para piassava (Leopoldima piassaia) exported 
from Brazil, West African piassava denied from 
Itaphia spp , and Madagascar piassava from 
Dictyosperma Jibrosum constitute the chief com 
mercial varieties The fibre is obtained by a 
prolonged retting of the stalks and the value of 
the product depends on such qualities as itsst iff 
ness and colour Piassava is used for making 
brooms and brushes of various kinds and for the 
manufacture of baskets 

Raffia — Raffia (gardeners bass) is obtained 
chiefly from Madagascar and consists of thin, 
flat, fibrous Btnps derived from the surface layer 
of the leaflets of certain palms (Raphta spp ) 
Tho best quality raffia is four or more feet in 
length and very pale in colour It is used in 
horticulture, for hat making, and in numerous 
handicrafts 

Minor Leaf Iibres — Among leaf fibres of 
minor commercial importance may be men 
tioned Mexican fibre (Agave heteracantha) a 
wirj fibre u«ed ns n substitute for animal 
bristles in the manufacture of cheap brushes, 
" bowstring hemps ” (8ans«iena spp ), used 
to a limited extent for cordage and upholster} , 
kltul (Caryola vrens), emplojed in the mami 
facturo of brushes nnd, in upholster} , as a sub 
stituto for horsehair , palmyra fibre (Borassus 
fiabelltfer), also mainly used for brush making , 
and crln vegdtal, obtained from a palm, 
Chatnaerop* hunt ihs, and used as a substitute for 
horsehair 

Bromcbaccoits fibres, eg pita ( BromeUa 
mnjtfafenar), caroa (7* eogla.iona varxegata) and 
pineapple fibre arc a group of potentially valu 
al lo fibres, the exploitation of which awaits the 
invention ofn suitable decortication machine 

Rtbltogmphi/ — J M Matthews, “ The Textile 
Fibers’ New kork. 1024, C R Dodge, •• Useful 
liber Hants of the Morld, Washington, 1897 


FIBRES FROM SEEDS AND FRUITS 

Coir (Vol Iir, 258a) 

Cotton (this Vol 135) 

Kapok — Kapok is a floss attached to the 
inner wall of the fruit capsule of Ceiba pentandra 
(=Ertodendron anfractuosum), a tall, gaunt tree 
grown chiefly in Java and less extensively in the 
Philippines, India, Ceylon and Malaya 
Cultivation and Preparation — The trees are 
seldom systematically cultivated and in Java 
they are mostly grown along the sides of roads 
and between fields The trees come into bearing 
when they are 3 or 4 years old and continue to 
yield fibre for many years The pods are either 
gathered from the tree as they npen or are col 
lected after they have fallen to the ground 
Roughly 100 pods are required to produce 1 lb 
of floss and a mature tree may be expected to 
yield from about 350 to 600 pods annually 
After the pods have been further ripened and 
dried by exposkre to the sun the husks, etc , 
are removed by hand, leaving the floss and the 
small, round, black seeds that are embedded in 
it Since these small seeds are not attached 
to the floss but merely distributed among it, 
their removal is easily effected, cither by the 
use of small “ ginning ’ machines or simply by 
spreading the material on a table of wire netting 
and beating it with bamboo canes until the seeds 
fall through the meshes 
Description, and Properties — Kapok is coni 
posed of fine, silky, highly lustrous, unicellular 
fibres varying from 10 to 40 mm in length and 
20 to 30p in diameter The fibres, which taper 
to a point at their free end, are smooth surfaced, 
circular in cross section, possess a wide lumen 
and an extremely thin cell wall approximately 
1-1 5p in thickness 

Chemically, kapok differs from cotton to 
which it is botamcally related, in containing a 
much lower percentage of cellulose, 67~67% on 
the dry material, and a high percentage of 

r ntosans A number of samples examined by 
J Hansma (Chem Weehblad 1930, 33 620) 
gave values of from 23 5 to 29 0% for the pen 
toBan content of genuine kapok A pentosan 
figure falling within this range is not by itself a 
sufficient proof of the purity of a sample The 
commonest adulterants of kapok are cotton 
waste, wb ch has a very low pentosan content, 
and akuml, which contains up to 35% or more, 
and it is evident that a sophisticated sample 
containing both these adulterants might give 
an apparently normal pentosan value The 
adulteration of the material can, however, 
be detected by a buoyancy determination for 
which Hansma describes an apparatus Pure 
kapok Bhows on!} a small diminution in buoy 
anc> after 24 hours, spurious or adulterated 
samples arc revealed by a low initial buoyancy 
and a marked drop in 24 hours This test is alio 
of value in distinguishing between new and 
second hand kapok According to Moskowitz, 
Landes and Himmclfarb (Atncr D}estuffRep 
1930, 25, 220), unused kapok has an ammonia 
content of less than 0 030% and a urea content 
of less than 0 0)5% and figures in excess of 
these quantities are definite evidence of the 
sample being second hand A microscopic 
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for if fichtehte were pcrhydroretene the deconj 
position would have proceeded thus 

C la H 3S (fichtehto) ->Cj 8 H 18 +7H, 

They conclude that fichtelito has almost cer 
tainly the formula C, 9 H,j apd the structure of 
a dimethjlwopropylpernydrophenanthrene in 
which the only uncertainty is the position of the 
M e group split off on dehydrogenation Crow- 
foot e (J C S 1938 1241) molecular weight deter 
minatjon of fichtehte by X ray analysis and 
density determination supports the formula 
C [ j H 31 although other observations in the same 
paper do not discriminate between the two 
formal's 
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FICOCERYL1C ACID, the name given 
to the acid obtained on saponifying the wax 
(Gondang wav) from the leaves of the wild 
fig tree bj’ Greshoff and Sack (Itcc trav 
Cliim 1901, [li] 20 68) was shown to 

be impure palmitic acid by Ultfie (Pharm 
Week Mad 1015 52 1097 
" FICUS1N ” » Fio 

F(G Ftcits canca L fig trees grow wil'd 
in Mediterranean districts and the fruit is an 
important article of diet The fig is cultivate 1 
in India China and California Many varieties 
differing in colour and size of fruit are known 
The fruit is eaten fresh dried or preserved 
The pulp forms 60% of the weight of the whole 
fruit and contains large numbers of small hard 
seeds constituting up to 10% of the weight of 
tho fruit Certain varieties produce sterile 
flowers but develop well formed seedless 
fruit 

Typical analyses given in percentages are 
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1 IncI ides fibre z tcld as nvGlc 

J. American types fColtiy Rep Agnc Txp St. a California 183 11 

II Italian grown <1 aha o Modem Z 1010 24 Z63) 

III I iryptlan varieties Izadlan (Ann lalslf 19 7 20, 404) 

IV Miller et ol (Hawaii Asrlc. J> lp sta Bull JD37 ifo 77 00) 


According to Tra ibo and f raps (Proc Amer 
Soc Ilort Sci 1928 30G) magnolia figs contain 
total solids If 8 protein 0 7 sugar 118 fibrn 
1 0 an 1 ash 0 4% hen dried and sulphured 
this variety is reported as containing 58% 
sugars (as invert) 0 9° 0 of citno acid and 110 
ppm of SO, (Read Texas Agnc Exp Sta 
47th Ann Rept 1934 159) 

Fig syrups are prepare 1 b> extraction with 
water and concentration of the extract tn vacuo 
until tho sugar content reaches approximately- 
63% In Algeria the extracts are allowed to 
ferment an 1 the resulting wino is used to a iul 
terate grape wines Iig wine contains mannito) 


(6-8 g per litre) tho determination of wluel 
affords evidence of adulteration On evapora 
tion of fig wine the mannitol separates together 
with small amounts of sugar and organic acids 
Tho principal acids of tho fig are citric and 
acetic Hotter (Z Nohrungsm Unters Hyg 
189o 9 1) records 0 0016% of kono acid in the 
fruit and Arbenr (Mitt Lebenstn Hyg 1917 
8 98) fnds O 15% of oxalic acid in dried f g* 

T1 e dned seeds of fig contain up to 30% of 
oil which shows the following characteristic* 
n D 1 4775 iodine value 169 4 thiocyanate 
vnlie 10S 4 saponification value 1901 acil 
value 0 87 acetyl valio 6 1 (Jamieson and 
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with a cast ingot Coolidgc therefore pressed Its working temperature was about 2,320°K , 
tungsten powder into a coherent bar which which is aery much below tho melting point of 
could bo first hardened by moderate heating, tungsten and the ob\ ious step for improv ement 
and then sintered at a high temperature to a which suggested itself was to replace tho vacuum 
compact crystalline bar which was first worked by an inert g is such ns nitrogen which, by sup 
by hot hammering (or swaging) and then at a pressing evaporations ould allo\v’tTic” working 
later stage drawn through dies into a flexible temperature, and therefore tho efficiency, to bo 
wire This is in essence the process used at the raised I irly attempts to do tins faded because 
present day, and it will be described later in tho licat lost by conduction and convection in 
detail The next step in the evolution of the tho gas more tli in outweighed any gam which 
filament is bound up with tho invention of t he could be obtained from tho higher temperature 
gas filled lamp This latter demands detailed at which the filament could bo run The 
treatment, since the whole course of tungsten problem was eventually soiled by Langmuir 
filament metallurgy has been determined by its (Proc Amor Inst Elec Eng 191.5, 32, 1915) 
requirements, but it is first of all necessary to on tbo following lines Tho energy radiated 
consider in somo detail tho basis of filament lamp from the surfaco of a filament is proportional to 
design the area of its surface tho heat earned away 

I'jUNCirnES of I lament Lamp Desiov — by convrction is also proportional to the area 
As stated already, tho efficiency (in lumens per of the surface with which the gns conics in 
watt) of a lamp depends other things being contact Langmuir showed that tho cffcctivo 
equal, on tho operating temperature of its fill area in tho Bccond cisc is not that of tho filament 
ment Tho lamp fails because of evaporation itself but of a relatively stationary layer of gas 
of tho filament It is well known that in a surrounding tho fil uncut Tho thickness of this 
vacuum lamp manufactured according to tho layer (frequently referred to ns the Langmuir 
best technique 10% (by weight) of tho filament layer ) is almost independent of tho dnmctir 
is Jo»t during tbo normal Jifo of the lamp of tbo fthmrnt and is determined only by tbo 
1 allure is duo to tho differential rato of evapora properties of the gas With thm filaments (such 
tion at different crystal faces hailure ultt as those used for ordinary high voltago lamps) 
mutely occurs at some spot which is sTatistically the thickness of tho gns layer is greater than the 
ill favoured by tho coincidence of particular diameter of tho filament so that unless a very 
types of cry stal boundaries, (It is an interesting thick filament can be used, tho convection losses 
fiu.l that all filaments late in life arc angular in become great compared with tho radiation In 
section, duo to the formation of crystal faces ) view of the considerations which determine tho 
Alternatively, tbo lamp may be regarded as fad diameter of tho filament this dwrovery would 
ing when so much tungsten has been deposited by itself have been of little use, but I angmutr 
by evaporation on to tho bulb that the blacken made a complete investigation of tho behaviour 
mg causes tho efficiency to drop below somo of gas streams past heated filaments, out of 
ugreed fraction of its initial efficiency It is which aroso tho fact that a coiled filament of fino 
therefore necessary to choose a temperature or wire would behave like a corresponding thick 
efficiency which, witlpn these limitations will filament Hie result of this work was the gas 
give a certain arbitrary life this varies accord filled lamp, m which tho filament is a closely 
mg to tho typo of limp, ami for ordinary limps roiled helix running in an inert g as Nitrogen 
such ns oro used in lighting streets and buildings, was used in tho earlier types but owing to its 
tho life aimed at is a minimum of 1,000 hours lower heat conductivity argon (containing a 
average determined on samples To ensure tins. Mile nitrogen) was later substituted for nitre 
lamp makers design for a life 20-25° o longer so gen and is now m general use Krypton which 
ns to have a factor of safety to cover errors in hns a still lower heat conductivity, is bettor than 
sampling argon but its adoption has bem limited by its 

In the case of certain special lamps such ns high cost 
those used for projection intrinsic brightness Jho conviction losses inn be cut down still 
of tho light source may be of more importance further nnd tho efficiency correspondingly 
than length of life In stub lases shorter lives raised by increasing tho sixo of tho spiral I ho 
are permissible for example a Class A1 pro limits to tins are set by metallurgical consider® 
jector lamp having an intrinsic brightness of tions, (ajielix h avin g a diameter m ore than 5 
J 000 candies pc r sq cm has a life of only 100 or fi Unica tlml in m eter of Urn wire wo ukLnot bo 
hours rigid enough to keep i ts shape at it uunnwg 

Tho operating temperature having been deter temperature — Tlie clffictivo ui unite? can how 
mined on this basis, tho total surfaco nccissiry e\T r licTturi istd by coding tho helix on itself 
to give the required light output can lie found lor ordinary sire high voltage lamps tlio gains 
Tho resistance of tho filament must then lie range from 20 o o forall\ 40 \\ lamp down to 

chosen bo that the latter shall, at the voltage on 12J% for n ll\ 100 IV lamp 

which tho limp runs, absorb the necessary The change from the straight filament to the 

energy to rai«o it to the reqm«iti tempi raturc spiral form had marked consequences on tho 

finallv, the resistance and surface determine the technique of tungsten filament manufacture 
length and diameter of the wire In the earlier and these will lie treated in a later section 
tungsten lamps, as in the other metal filament MANiFvm nt or Tnr I ilamfnt (a) Vrt 
lamps which preceded them tho neeeasarv partition of 7 ungiten Oxide — Tho successful 
length was accommodated by arranging the manufacture of tungsten filaments depends 
wire m the form of a vertical squirrel cage, and entirely on the jiossibility of producing a metal 
the filament was run in a highly evacuated bulb of a very high order of purity , and although, a* 
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An alternative process sometimes used is indi 
cated diagrammatically m Table 2 In this, the 

Solution as at B in Table 1 
\dd magnesl mi chloride and filter 
. * 

\d 1 ammonium sub l i lo and filter 

4 

" Add CaCI. eufl dent to comort all the WO, to CjWO. 

4 

Decompose CjWO, as at a in Table 1 

4 

H a WO, piste extractc l with anuuoi li and the solution 
cm po rated down to crystals 

4 

Crystals decompose 1 by lieat to oxide WO, which is 
doped and then dried, gro ind slfte 1 and reduced 
to metal 

Table 2 

purification is effected by treatment of the 
ammonium tungstate solution with such n 
agents as magnesium chloride (to remove arsenic) 
and ammonium sulphide (to remove iron) The 
tungsten is then precipitated as calcium tunc 
state by the addition of calcium chloride and 
the tungstate converted (by acid decomposition 
and ammonia treatment) bach into pnro am 
monmm tungstate vv Inch is dried and ignited to 
WO, 

It will be seen that the greatest precautions 
are necessary to obtain an oxide of the necessary 
degree of purity, above all, it is desirable to 
remove compounds of titanium and iron For 
this purpose, it is particularly important that 
the precipitation from the potash solution shall 
bo done by pouring the alkaline tungstate solu 
tion into tho acid m a fine stream and not tire 
tersa In this way tho risk of occlusion of 
soluble impurities is greatly diminished The 
temperatures and concentration of the solutions 
are also important, as they influenco the grain 
size of tho oxide and subsequently the grain size 
of the reduced powder The latter largely 
decides the suitability of the finished metal for 
use in lamps, and while tho control is mainly 
exercised m the next process (reduction), it is 
necessary to maintain rigid standardisation of 
whatever processes arc used for the preparation 
of tho oxide so as to elmunato as far as possible 
at least one \ nnablo factor 
Reduction of the Oxide to Tungsten Fotcder — 
Tho reduction is usually carried out in tw o 6tagcs 
Tho oxide is contained in small iron boats which 
nro pushed along iron tubes about 2 in diam and 
20 ft long In tho first stage the tubes arc 
heated ui definite zones to temperatures ranging 
from COO C at tho beginning to about 750®C at 
the end The time taken is of the order of 2} 
«, hours The second stage is similar, but tho tem 
peratures arc considerablv higher A continuous 
jlow of lined eleciroly tie hydrogen is maintained 
through tho tubes the gas passing through 
driers in a closed circuit The purity and dry 
ness of the hvdrogen are important The rate 
of flow is strictly controlled, since thi« and the 
rate of heating as well as the dryness of the 
hjdrogcn, determine tho grain Size distribution 
the metal 

The metal powder after reduction is accumu 
latcd in large batches and sieved 
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Experience has shown that to obtain a metal 
which is satisfactory both from the point of 
view of working properties and behaviour in 
lamps, certain gram size distributions are neces 
sary The grain size distribution is therefore 
controlled by actual measurement on samples 
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token from ike large bat ekes. These samples are 
rooked oat with turpentine on slides and photo- 
graphed at a magnification of 500 (Fig. 1). 

The negative is projected at a magnification 
of 50 on to a screen; the numbers of particles 
in thin definite ranges are counted, and distri- 
bution diagrams are plotted. Figs. 2 and 3 
show typical bad and good distributions. In 
the latter case, the powder concerned had a size 
distribution from 0-2u to 5;i with a maximum at 
about 1 -5fi. If the distribution is unsuitable, a 
wire made from the powder may have either 
bad working qualities or a poor life-behaviour 
in lamps. 

C or. version of the ililal Powder to 1 Tire. 

(a) Pressing. — The powder is placed in a steel 
mould and pressed into a coherent rectangular 
bar. The pressure is applied to the long side 
of the bar, and for a bar 30 cm. x 1 cm. x I cm. 
is usually about 2,000 kilos per sa. cm. (12-5 
tons per sq. in.). 

(b) Pre-iir.tcring . — The fragile pressed bar is 
carefully transferred on a tungsten boat to a 
tube furnace in which it is heated in a stream of 
hydrogen to 1,100'C. for 20-30 minutes. Under 
these conditions probably very little if any 
grain-growth occurs, but the bar becomes 
strong enough to stand handling in the next 
process. 

(c) Sintering . — The hardened bar is fixed 
vertically between two clamps, the lower of 
which floats in a water-cooled bath of mercury, 
the upper one being fixed to a water-cooled 
support. A water-jacketed copper housing is 
lowered over the assembly, and hydrogen is 
allowed to flow downward through it at a rate 
of 300 litres per hour ; the joint at the bottom 
is made by a mercury seal (fee Fig. 4). A current 
is passed through the bar to heat it, and is 
gradually increased over a period of 15 minntes 
to a maximum at which it is maintained for 
another 15 minutes. The current is usually 
controlled by some form of induction regulator. 
The appropriate maximum current is determined 
for any particular batch of metal by finding the 
current required to fuse it under ordinary sinter- 
ing conditions ; a certain fraction of this current 
is adopted as a working maximum ; the fraction 
ranges from SS to 95% ; for a bar of the size 
described (t.c. pressed originally to 30 cm. x 1 
cm. x 1 cm.) the current is in the region of 
2,700 amperes. This corresponds to a tempera- 
ture of about 3,100'C. (about 3,370’oK. ; the 
accepted fusing temperature is 3,655“K.). 

During the sintering process, rapid grain 
growth takes place in the bar, and this is aided 
by the temperature gradient between the ends 
and middle of the bar, and between the centre 
and outside. Considerable shrinkage takes place 

(linear shrinkage of 15-20%). The density of a 
sintered bar is about 16-S gm./cm. 3 . Any im- 
purities in the tunssten are also volatilised, in 
this process, and this is aided by the “ additives ’’ 
or dope, such as alkaline silicates, which were 
introduced into the oxide. The exact mechanism 
of this action is undecided ; possibly the vapour 
of the additives carries away other impurities, 
or possibly they act by leaving interstices 
through which these can escape. 

The exact grain size of the sintered bar is not 


of vital importance to its subsequent behaviour, 
but it is important that it should be under con- 
trol, otherwise adjustments would be necessary 
in the later working processes. The figure 
commonly aimed at is about 1.500-2.000 grains 
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per eq mm, and Fig 6 shows an etched section 
of such a bar and Fig 6 a very coarse bar 
Grain counts are taken as a routine m manu 
facture 
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Swaging — A sintered bar cannot bo drawn 
into m ire until the cry stal structure has been I 
broken down by hot hammering or ‘ swaging | 
In the swaging machine (Fig 7) a pair of ham 
mors or dies are rotated and are forced apart 
and together in rapid alternations white the bar I 
or rod passes through them Before swaging | 
the unsintered ends of the bar are cut off, and : 
the bar heated in hj drogen m a tube furnace to a j 
temperature of ncarlj 1,500°C In the early 
stages of swaging a little OTer half the bar is 
swaged at a time, and the bar is reversed and 
reheated before completing Its passage through 
tho hammers 1\ hen the diameter has been do 
creased to about 5 mm the bar is transferred to 1 
other swaging machines through which it passes 
directly, being boated by a gas furnace placed 


TUNGSTEN 

just in front of the hammers Swaging is con 
tinued with a total of about 25 steps to a dia 
meter of about I 5 mm , and during the process 
the rod is reheated to a temperature of about 
2 100°C once or twice m a sintering machine to 
allow of further grain growth taking place after 
the voids in the original bar have been closed by 
the hammering 

The swaging temperatures are gradually 
dropped as the size of the rod is reduced, and 
are adjusted so as to be below the reerystalli 
sation temperature at each size The final 
temperature is about 1 100°C Fig 8 shows 
the structure of a swaged rod 2 mm in diameter, 
from which it can be seen how the grams have 
become elongated and are gradually becoming 
fibres 

Wire Drawing — The swaged rod (diam 1 5 
mm ) is hot drawn through dies , in the earlier 
stages (down to about 0 6 mm ) die3 of tungsten 
carbide are used From this size downward 
diamond dies are used The wire is lubricated 
by means of colloidal graphite to minimise wear 
on the dies and is heated by means of a row of 
gas flames placed just before the die To enable 
the wire to be threaded through the die, it is 
pointed by dipping into fused sodium nitrite 
The smallest wires normally used m lamp 
making have diameters of the order of 0 01 mm 
The diameter is usually calculated from the 
weight of a known length of wire, the density 
assumed for this purpose being 19 35 

The shape of the die needs careful control 
smee it is one of the important factors in main 
taming uniformity in the filament and therefore 
in the finished lamp Fig 9 shows magnified 
sections through good and bad dies of about 

0 025 mm diam , and gives an idea of the 
accuracy which is demanded 

Coiling of the Filament —The production 
of filaments in the form of a helix demands the 
utmost precision, since errors m the dimensions 
of the helix have serious effects on the behaviour 
of the lamp This is dealt with in the next 
section 

Coding — The coiling operation is performed 
by automatic machinery, the general principle 
being that a mandrel wire is drawn slowly 
through a nozzle while a spool of wito rotates 
about it, producing a helix The tungsten wire 
is Usually cleaned before this operation to re 
move adhering tungstic oxide and graphite 
This may be done either by various electrolytic 
methods or more simply by pass mg the wire 
through a bath of hot caustic soda solution and 
scrubbing off the loosened graphite with suit 
able pads The mandrel is made of either soft 

1 iron or molybdenum The latter is used when 
the coils are to be subjected at a later stage to 
high temperature treatment Molybdenum wire 
is manufactured both for this purpose and for 
use in filament supports by methods very similar 
to those described above for the tungsten fila 
ment 

Tor lamps of the coded coil type, tho primary 
helix is wound in a continuous length, and is 
then treated exactly like the original wire in 
other coiling machines of a special type , that 
is, the primary helix, on its mandrel, is wound 
round a secondary molybdenum mandrel, pro- 
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riucing tbo coded coil Dnnns the secondary 
coiling, the machine automatic illv spaces the 
coils at intervals, so as to Icav t a ■straight portion 
of single helix at winch individual filaments can 
be cut off ready for mounting in the lamp After 
coiling, the filaments are heat treated at such a 
temperature that tbej at ill retain thejr shape 
when the mandrels arc removed lhc temjx m 
tures u«ctl reiry over a wide ran^i a cron ling to 
the size of filament and typo of win? used In 
general, for coiled coil Aliments, temperatures 
well above 1 000 ''C are neec -an 

The mandrels arc dissolved out m an acid 
bath, hydrochloric acid is used for iron man 
drels, and. a mixture of nitric and sulphuric acid* 
for moly bdenum 

Tbo filaments arc thoroughly washed to re 
move acid, treated with a caustic solution to 
remove traces of oxide, and finally washed in 
distilled w ater and dried 

Precision in Filament Mancfactdre — 
Although this is prunanh an engineering matter 
it needs mention here smec it is a fund imentnl 
problem in the ninnuf ictnn of fil mu nts Lamp 
manufacture is an example of highlv dev eloped 
mass production and the standards of um 
fornntv in the hntslied product are v erv exacting 
The wire used m lamps for general lighting 
service ranges m diameter from 0 0133 mm to 
0 43** mm In order to maintain a satidactorv 
. life performance, the wires must be aciuratelv 
rotmd, and the local variations in diameter 
must not exceed 0 5-1% according to the sue 
of the wire The diimcter of the mandrel wire 
needs correspondingly close control ns do also 
the pitch of the helices and the tension of the 
ware during coiling 

The Bchauour of the Filament in the Lam j — 
The filament before it is burnt at its opt rating 
temperature in tbo lamp has a fine fibrous struc 
ture Ou heating, the fibre-, break down ami 
m the neighbourhood of J 000°C arc com erted 
into small iqimxed grains, and grain growth 
then proceeds, the larger grains ab-orling the 
jun alter The tauyurr.vtures at .w.W.l> t-lvor, 
changes take place depend on the exact com | 


position of the wire fn the straight filaments 
which were, emplovcd m the earlier types of 
vicuum lump, this process is liable to lead to the 
formation of grain boundaries occupying the 
whole diameter of the wire, and these constitute 
a source of weakness since the cry -tala tend to 
How at the Jxmmhnes and the wire? iiltuniteh 
I re vka (this is known as * off setting * ) Karin r 
efforts to avoid this included the addition of 
about 0 75% of thorn, which restrains the gram 
growth and great U diminishes the risk of off 
setting 

Auot licr line of attack was to produce fila 
ments m which exaggerated grain growth could 
t ike place, so that the whole filament would con 
«i-.t of very few cry tals, or even of a single 
crystal, thus minimising the danger b\ reducing 
the number of gram boundaries 

Tins problem aro e anew with the intro 
duct ion of roiled filaments for gas filled lamps 
The difhcultv here was not «o much the breaking 
of the filaments ns the fact that as gram growth 
proceeded throughout tlie life of the lamp the 
movements at the gmn bound tries cau-ed the 
spirals to sag and open out, leading to a rapid 
filling off m the efficiency of the h nip due to 
high gas lo'ses The brat nniedv attempted 
w as to restrain grain grow th bv the use of fhona 
(again about 0 7 ">%) tig 10 shows a section 
through the coils of «uch ft fihment after long 
burning, the comp iratm.lv sm ill size of thi 
grams is contrasted with the largi grains in a 
filament made from pure tungsten Hie 
method adopted at the present dav is to make 
use of exaggerated gram growth which is 
achieved (under suitable licit treatment) bv 
the u«o of additives such ns alkaline silicate 
Numerous combinations have been used and 
nre in use at the present div a tvptcal one w«« 
mentioned earlier m the discretion of metal 
making These additives as alreadv stated 
cannot be detected bv the u nal anvlvtical or 
spectroscopic means after tho sintering pro«“W 
but they have a j rofound effect on the grain 
nf dif lull'd IilMtiftivf sdw.l'wf.wl The 
I process is completed m the time t vken f r the 
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filament to reach its operating temperature. and 
the filament is left in a stabilised state in which 
the indiridnal crystals occupy several turns 
of the spiral (.?-'£ Fig. 11). 

ExA3tr>'ATiox or~ Filam en t s . — The prepara- 
tion of specimens showing the structure of fila- 
ments is of importance, since it is in recnlar u-e 
fur control purposes. The filament i- embedded 
in a low melting lc-ad-bornte "lass containing 
manganese (to dive it a dark colour for ease in 
photography). The "lass is held in a groove cut 
in a brass block; it is melted and the filament 


dropped on to its surface. For the examination 
of roiled filaments (which is mostly required), 
the block is ground down until a section through 
the upper part of the spiral is exposed as a 
series o f lozen ges.. After polishing, the tungsten 
surface is etched by means of boiling 3% 
hydrogen peroxide or a cold snlntion containing 
equal volumes of lf)° 0 caustic soda and 30% 
potassium ferricyanide. 

Tungsten rods or bars are usually mounted 
for examination in solder contained in a brass 
cup. 



Fig. 

Cap. i; ox Filaments. — Although carbon fila- 
ment lamps are no longer in normal use for 
lighting purposes, they are still made for a few 
special purposes. They form a convenient and 
cheap type of resistance ; they are also used as 
radiators for medical purposes, and to a small 
extent as room-heatin" radiators and for other 
heating purposes. Carbon lamps of high rating? 
(30-50 candle power) are still used where extreme 
resistance to shock is important. 

A typical standard process used in the manu- 
facture of carbon filaments is the following ; 

The raw material is pure white blotting paper, 
which is dissolved in a stronz solution of zinc- 
chloride, forming a viscous syrup. This is 
squirted through a glass die into alcohol acidified 
with hydrochloric acid: the cellulose is re- 
generated in the form of a continuous thread. 
After beins left to harden for some days the 
thread is washed repeatedly to free it from zinc 
chloride, and it is wound on a large drum to dry. 
The tough dried thread which looks like a violin 
string is set to its desired shape on a carbon 
former, and in this state is heated in a crucible 
to a temperature of 1.509'C. During ibis 
operation, oxidation is avoided by packing 
the filaments, on their formers, in graphite 
powder. 

After carbonising, the filaments are mounted 
on nickel support wires with hollowed ends, and 


II. 

the joint completed by depositing carbon from a 
hydrocarbon bath in which they are immersed 
while a current is passed. In order to ensure 
that the filament shall be uniform in diameter, 
it is heated by a current in an atmosphere of 
heavy petroleum vapour. The thinner parts of 
the filament heat np more than the rest, and so 
receive a thicker deposit of carbon from the 
vapour. 

This operation is of classical interest, and is 
known as il flashing.” The filament is now in a 
state ready for use ; its diameter is uniform and 
its surface is covered with a thin hard layer of 
deposited carbon. 

Filaments fop. Thep.miontc Valves. 

(1) Tungsten .- — Tungsten filaments are used 
at the present day only in the largest transmit- 
iaz valves, and the method of manufacture is as 
described for lamp filaments. 

(2) Thorialed Tungsten .- — The manufacture 
of this material is similar to that of ordinary 
tungsten, except that sufficient thorium is 
added to the oxide (usually in the form of 
thorium nitrate) to give the equivalent of about 
0-7% of thoria in the finished wire. 

Thoriated tungsten filaments are used for small 
transmitting valves, and also of a few special 
tvpes of receiving valves. During the manu- 
facture, the filament is “activated'’ by a pro- 
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cess which causes an approximately monatomic 1 
layer of thorium to be formed on the surfate ( 
For this purpose the filament is heated for a 
short tune to a high temperature (ca 2,800°K ) 
to reduce some of the thona, and then held at 
a somewhat lower temperature to stabilise the 
emission 

(3) Oxide Coated Cathodes — These are of a 
different type from the vah e filaments described 
a bore, and consist essentially of a metallic ilia , 


ment, coated with a thermiomeally active 
material The filament acts as a heater, and is 
usually made of nickel, although tungsten and 
platinum are also used The coating most 
generally used is a solid solution of barium and 
strontium oxides in approximately equimole 
cular proportions , it is actually applied in the 
form of a mixture of the precipitated carbonates 
and converted into oxides by heating irt situ to a 
temperature round about 1,400°K. 


Table 3 — Data on Operating Temperatures and Emission Properties of the 


Three Txpes of Filaments 


Filament (or cathole) 

Operating 

tempera 

turn 

] mission 

Emission 

efficiency 

Remarks 

Tungsten 

2,500°K 

275 mA/cm * 

3-5 mA/watt 


Then a ted tungsten 

1,900°JC 

3,000 mA/cm 2 

20-25 m A/ witt 

Tho emission is more 
sensitive to poisoning 
by oxygen and water 
vapour than that of 
pure tungsten 

Oxide coated (BaSr) 

1,040- 

I,100°K 

250-100 
mA/cm * 

150-250 

mA/watt 

Very sensitive to poison 
mg by oxygen and 
water vapour 
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.FILBERT. The nuts aro the seed of 
Corylus spp usually designated C ai el tana L 
Other species and hybrids (including cobs) are 
C ponhea Koch, and C maxima Mill Amen 
can species of hazelnuts are given as C rostrata 
Ait and C americana \\ alt 
K5mg(“Chem Mensch Nalir Genussm ” 1903, 
i, 611) giro* the composition of tbo kernels as 
N free 

H,0 Protein l at extract Ash 

7 1 17 4 02 0 10 4 2 5% 

Bertram (Ole, kette, Wfichse, 1930, No 14 
2—1) reports the following characteristics of the 
I ranch oil . 0 9144, 1 4G91, iodine value 

(Hanus) 80 8, saponification value 192 0, un 
saponifiable matter 0 35% The oil contains 
8% of saturated acids, largely palmitic The 
n maturated fraction includes oleic arid 78 2 and 
linoleic acid 9 1% 


Osborne and Campbell (Connecticut Agric 
Exp Sta Rept 1895, 288) describe the isolation 
from the nuts of a globulin, coryhn, C 50 7, 
H 6 8G, N 19 17, S 0 83, O 22 42% The N 
distribution of coryhn, according to Osborne 
and Hams (J Amer Chem Soc 1903, 25, 323), 
is total N 19%, basic N 5 75, non basic N 10 7, 
N precipitated with MgO 0 10, ammomacal N 
2 20% The constituent amino acids of coryhn 
include cystine 1 5 and tryptophan 2 8G% (Jones 
etal J Biol Chem 1024, 62, 183) 
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FILICIC ACID v FilixMas 
FIL1CIN i> Flux Mas 
FILICITANNIC ACID v FilixMas 
FILITANNIC ACID v FilixMas 
"FILITE," ITALIAN (Vol IV, 519a) 

FILIX MAS.— rdix mas (BP). Aspidmm 
(17 S P ), Malo fern , Ithizoma films (Bacirn de 
fouglre mate (rr ) , Wnrmfam, Johanmsvmrzel 
(Ger ) The rhizome of male* fern, Asptdium 
ithx mas (Swartz) or Dryoptens Fihx Mas Lion 
(Schott) has been a favourite anthelmintic 
medicine since the times of Theophrastus, 
Dioscorides, Pliny, and Galen For botanical 
characters, see Woodville (Med Bot 271), 
Moore and Lmdley ( Terns of Great Britain, 
14-17), and Bentl and Trim 300, cf also 
Czapek “ Biochemie der Pflanzen,"” 1925, 
vol III, pp 5G5 Fthx mas ( Tam Poly 
podiaeea?) is indigenous to all Furope, North 
Africa, North Asia, Himalaya and America 
from the North as far South as Peru 
The early chemical investigations of the 
rhizome (see Pereira, Mat Med , 3rd ed 1853, H, 
959, and Poulason, Arch exp Path Pharm 
1891, 29, I) show, that besides tho constituents 
common to plants, it contains a peculiar green 
Jized oil, tannin and a crystalline compound. 
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m j» 2oi— SaW" With the eveeptn » of fibcic 
acid all the alum, substances occur al o iu the 
rhizome of Aspirfiim sptnvlos o i (Swartz) in 
which the Elicit acid is replaced b\ asjndni 
C 2 jH 32 0, nip 124 5° (poljslichn Poulsson 
\rch exp Pith Pltarm 189S 41 24C) 

As the latter fern is often confused witl 
1 filtxmas the commercial extracts of the male 
fern may contain aspidin as well The substance 
maj be recogm cd in the erode extract hi 
erjstallisition (ffausmann Arch Pharm 1899 
237, 644, Annalen 1903 329 321) Aspidin 
has most probably the constitution 



being built up of a«pidinol and fibcmic acid 
but a none 

"Most of the above substances are phj 
logically active on tape worms and other lower 
animals (Boehm Straub Arch exp Path 
Pharm 1902 48 1) the simplest one having im 
degree of nctmtj i» filicmic acid bntinone 
lower degradation products ire inactive It 
is difficult to attribute the anthelmintic action 
to in) one substance in particular but according 
to Kraft (Arch Pharm 1904 242 489) tlu9 
nction is primanl) due to )et another substance 
flmaronc more complex thin am i oh ted by 
Boehm 

Krift states tint good extracts of male fem 
contain 3 5° 0 fibcic acid 2 5% flav aspidic acid 
0 0o° o albispidin 0 l° c aspidinol 0 1° 0 flava 
spnlin (probibl) identical with phlonspin of 
Boehm) and 5° 0 of filmarone The last sub 
stance C 47 H S1 0 1$ or C 4 H ss O. ( is an amor 
phous brownish v ellow acid melting at about 
1 0° and containing four different j 1 loroglucmv 1 
ketone groups Boiling with zinc dust and 
NaOH decomposes it into filicie aci 1 nspi linol 
ind various other substances (see Krift l c ) 
Whether filmarone is a cheminl individual is 
not clear but it seems to have met with a 
certain measure of clinical success 

hor rises of poisoning bv fem extracts see 
Poulsson (Arch exp Path 1 harm 1891 29 1) 
for detection Df filieic acul in such cases see 
Bocchi (Chem Zentr 1S9G II 1137) Muller 
and Kofler (Arch Pharm 1930 268 C44) 
dc crilic liological tests on fish and give litera 
turn reftrcnccs (w also Cl cm Zentr 1929 I 
118) lor anthelmintic an! haemolytic action 
of products of fihx mas see Jodlt mer Arch 
exp Path I harm 1932 164 45" 

G B 

FILMARONE r Yua\ Mas 

FILTER PAPER 1 liter jijxrs of all 
grades and f>r ever) ( urjx ■* vn nra ivailallc 
of British origin as a consequence of adnumstra 
tive action devised to counter the menacing in 
conveniences experienced during tho war (1914- 
18) before which period filter papers were 
largelv or in some of the most important grades 

xrlu«iv eh of foreign origin Thus qualitative 
quvntitatne ash free fat free, soft and tough 


grades nro available ind some are also sol 1 
moulded thimble w i«e for Soxhlct extraction 
is well is in tho usual sheets and/or discs All 
an nude from purified cellulose of adequate 
strength to suit a wide range of purpose" 
The e punt) and strength requirements plus 
filtration velocitv in practice can be f ulfill ed 
onl) 1) employing cotton and linen sepantedlv 
or mixed as raw materials other materials 
have shorter fibres and arc not caul) purified 
from minute quantities of undesirable impurities 
Both cotton and linen have the fibre length 
necessar) and, hence both will supply the 
strength required with even a minimum of 
hydration in the paper maker s beater (t Cellu 
lose A ol II 4606) and thus maximum 
filtration velocit) can be consen ed The opera 
tion of heating allows hvdration and therefore 
strength to be accurate]) controlled other 
methods of h)dration with reagents are not 
emplo)ed because the sub equent removal of 
traces of the reagents is difficult and the action 
of thq beater is far more casilv controllable in 
their absence 

For the best grades new cotton and linen 
cuttings are the raw materials the cellulose is 
then free from its common degradation products 
nnd al o almost free from inorganic matter 
Particularl) it is free from lime salts present 
in old rags derived from hard waters in launder 
mg and from iron copper alumina nnd silica 
Organic matter present ma) lie in ol 1 rags 
cellulose degradation products an l starch fat9 
oils and reams in new rags a nnnutc trace of 
fattv or re«mous matter which normallv occurs 
in the living plant For some special purposes 
a fat free paper 13 essential and even for u e 
with aqueo is reagents it is advantageous, 
because water will not otl erwise wet even!) and 
with maximum rapiditv and hence velocitv of 
filtration will be diminished A clean surface 
of distilled water is contaminated bv contact 
with filter paper not treated for fat removal 
(with alcohol-ether) so that its normal surface 
tension is disturbed (Ha)leigli) 

Industrially the cotton nnd linen are boiled 
with weak alkali sodium carbonate lor new cut 
tings and caustic so la for old rags tho reagent 
removed the material then washed nnd ccntn 
fuged to 25~30° o concentration bleached gcntlv 
with chlorine gas and thoroughl) washed 
linallv it n made into paper (more correctlv 
water leaf) after the appropriate degree of 
beating and without sizing or anv other added 

The normal »«h content of puro ccllilo.c is 
about 0 1-0 4 0 o and ft r quantitative filter 
papers this is minced to nbout 0 00S° o b) cx 
traction in succession with HCI and with HF 
The i ulp after the bleaching operation is treated 
tfli 1 litre of cone HCI7I iO kg cell d o«e then 
a hrd an 1 treated with the like q isntitv of 
HF ud linallv tl >rwu n hlv wvsleil tie 1» I 
traces of aci 1 hem*, more ri d\ removed with 
the help of a minute trace of N H, in the wash 
water This treatment with acid leads to some 
degradation of the cellulose bv h)dro!vsls an 1 
reducing substances thus f rmed in the paper 
will decolon-c dilute permanganate at hit ion 
(McBnlo an I Sherrer, J truer Clem Soe 
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1917, 39. 92S) ; the main portion is, however, 
extracted by the first portion of the perman- 
ganate reagent passing through. 

Blblioomphy. — “Testing of Filter Paper” 
(Paoier-Fabr. 1033. 31. S116). 

C. J. J. F. 

“ FJLTROL ” (Vol. IV. 24fy-). 

FININGS (Vol. II. 102a). 

FINISHING TEXTILE FABRICS. 'The 
term “ finishing," as used in the textile industry, 
generally refers to those operations which 
constitute the third or final phase in the refine- 
ment and embellishment of woven and knitted 
fabrics. The first phase may be represented by 
scouring and bleaching, or preparing in the case 
of wool goods, and the second phase by a colour- 
ing process, e.g. dyeing or printing. In some 
cases, operations of the first and second phases 
are not carried out, e.g. the finishing of canvas 
linings for men's wear, cotton cloth in the grey 
state, etc., whilst in the production of white 
materials of all kinds, second-phase operations 
are obviously excluded. Again, in the wet- 
processing of crepe cloths, the first-phase opera- 
tions are essential “ finishing ” operations, inas-- 
mneh as the successful production of satisfactory 
finished effects, whether coloured or white, are 
almost entirely dependent on the nature of, 
and the care taken in carrying out, the initial 
treatment of the cloths. Finishing technique, 
therefore, is subject to wide variation and the 
degree of refinement and embellishment re- 
quired as well as the production of other 
distinctive effects are determined largely by 
considerations of (u) the nature, physical align- 
ment and/or state of the fibres in the yams 
composing the fabrics ; (6) the swelling capacity 
of the fibres in presence of aqueous liquids or 
steam : (c) the behaviour of the fabric material 
under mechanical pressure, and cutting, abrasive, 
tearing, frictional etc., operations in the wet 
and dry states, at low and elevated tempera- 
tures : (d) the varying susceptibility of different 
fibres to modification in presence of chemical 
agents; and(e) the suitability of fibres for absorb- 
ing 3nd/or acting as receptive media for finishing 
materials which are needed to impart special 
properties to the finished fabrics. 

The spun fibres are termed “ yams ’’ and the 
latter are used as warp yams (longitudinal 
threads of fabric) and weft or filling yams 
(threads at right angles to warp threads). \V arp 
yam is invariably stronger than weft yam. whilst 
in so-called union fabrics, i.e. fabrics containing 
more than one kind of fibre, the yarns may be 
of widely different character, e.g. cotton warp 
and woo! weft or composite yam span from a 
mixture of cotton and wool may lie used. 
Yam. itself, is sometimes subjected to finishing 
operations, e.g. wax polishing of certain types 
of cotton and linen thread and processes for i 
preventing wor*t«-l yam from fc-Itinc when ■ 
’\n=ked. but. in the majority of <'.-.=»>■. finishing 
;< concerned with the treatment of woven and 
knitted yam. i>. fabrics or web-. In some 
textile centres, the term *' finishing embraces 
all wet- and dry-processing operations which 
fabrics under-o after leaving the loom- or knit- 
tim machines ; it often happen*, therefore, that 
seoumr re tfeaohmr. mercerismtr and even tree- 


ing, as applied to cotton and other cellulosic 
fibres, are included under this term; a brief 
account of modem cloth mercerising is given in 
this article. 

Apart from the points already discussed, the 
production of any type of finished effect is 
governed also by economic factors and. in 
particular, the uses to which the finished good* 
are to be put, so that, in many cases, these and 
other considerations have to be taken into 
account in designing the structures of fabrics. 
Moreover, the production of consistent satis- 
factory finished effects on all classes of fabrics is 
possible only by a clear understanding of the 
characteristic properties of the pertinent fibres 
and their behaviour when present in the various 
physical forms of the fabrics to he treated, whilst 
the interdependence of all operations leading to 
the finished material scarcely needs to be 
stressed. 

The majority of true finishing operations can 
only be carried out satisfactorily in presence of 
moisture, heat, pressure and/or friction. 

Finishing Cellulosic Fabrics. 

Wet-Processing Cotton Cloth . — Before discuss- 
ing the actual finishing operations to which 
cellulosic fabrics are subjected, it is desirable 
that a few brief notes regarding two important 
branches of wet-processing, viz. bleaching and 
mercerising should be recorded. 

Bleachesc. 

A large proportion of the world's production 
of finished cotton cloth is finished in the bleached 
and mercerised condition ; also, much of rt is 
dyed and/or printed. Bleaching has already 
been dealt with in VoL II. Its object is to remove, 
either partly or completely, according to re- 
quirements. the natural and acquired impurities 
associated with the fibres. The cloth is geuerallv 
bleached in rope form, although heavy cloths 
are often bleached in open width. Low" or high 
pressure boiling of the cloth in alkaline liquors 
(lye-boiling) effects the removal of fatty and 
greasy matters, etc., by a series of reactions 
based on hydrolysis, emulsification and dis- 
solution. whilst oxidation of the natural colour- 
ing matters to soluble colourless products is 
effected subsequently by means of hypochlorites 
or hydrogen peroxide. In spite of the ever 
urgent call for speeding up production, the time- 
factor in the lye-boiling operation is still an 
exceedingly important requirement in the pro- 
duction "of highly satisfactory goods. When 
caustic soda i* used, it is best not to use live 
steam for heating and circulating the liquor; 
two lye-boils with, soda ash. with or without a 
little caustic soda, give more uniform and satfr- 
factorv result* than one lyc-boiS with caustic 
coda. although the nenerul tendency at the 
present time is to make one high pressure lye- 
, boiling operation with caustic soda suffice for a 
i wide range of cloths. A preliminary boiling of 
! the cloth in mfik-of-Iime (lime-boil) is still 
' practised to a considerable extent, especially 
■ in the ra =*• of cloth which is to be printed sub- 
5 scquentlv. A* ream'd* the plant in > : - ■ it is 
i remarkable tha* very few outstanding improve- 
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ments have been introduced daring the past 50 
years In many 'works, the cloth, m rope form, 
is directed into position (piling), m the laers, 
or pits, as required, either by hand labour or by 
means of mechanical pilers Boiling vessels 
(kiers) of the puffer pipe, injector arid outside 
heater with centrifugal pumps are all types in 
use, although the most efficient type for general 
use is a kier built on tbe last named principles 
Colton Staple Fibre Clothe — Cloths containing 
cotton and staple fibre (rayon) yams are less 
resistant to alkali boiling than 100% cotton 
cloths Consequently, in cases where it is 
necessary to remove natural impurities from the 
cotton portion, it is best to boil tbe goods in 
open vessels, since rayon fibres are quickly 
attacked when boiled with alkali under pressure, 
and the fabric may suffer a serious loss in weight 
Also all decolonsing operations (bleaching) with 
oxidising agents should be conducted cold or 
only lukewarm and with great care in order to 
prevent degradation of the staple fibre 

Mercerising 

Finely woven cotton cloths either plain or 
with coloured stnpes, intended for making up 
into shirts, handkerchiefs, dress materials, etc 
are usually bleached and mercerised before they 
are subjected to the actual finishing operations 
Certain classes of goods, which are to be dyed 
are first subjected to a comparatively mild 
treatment with caustic soda in order to swell 
the fibres slightly and increase their affinity for 
dyes 

Tbe term “ mercerising was apphed 
originally to a process of treating cotton, either 
yarn or doth, with cold concentrated caustic 
soda solutions in such a way that it acquired a 
permanent silky lustre, it was coined as a 
posthumous compliment to John Mercer, a 
Broadoak (Lancashire) colounst, who, as the 
patent records show, was the first experi 
mentahst to make a study of the action of cold 
concentrated caustic alkali on cotton cloth 
He noticed, amongst other changes, the pro 
nounced contraction and swelling of the fibres 
that occurred during attempts to filter concen 
trated caustic alkali solution through cotton 
cloth, but he did not observe that lustre was 
developed on the cloth if the normal contraction 
were prevented by mechanical force and the 
alkali impregnated cotton washed while under 
tension This observation, which led to the 
development of the modem mercerising process, 
was made by H Lowe, England, and indepen 
Uently at a later date by Thomas and Prevost , 
of Crefield, Germany Unfortunately, the mean j 
mg of the term “ mercerising ’’has been extended 
sinco Lowe’s discovery to indicate almost any 
kind of treatment applied to cotton, etc , pro 
vided it involves the use of caustic soda solution 
of medium or high concentration The mcr 
censing process discussed in this article is eon 
fined solely to the modem practice of increasing 
the natural lustre of cotton by means of 6trong 
swelling agents, usually caustic alkali with the 
aid of massively built impregnating and stretch 
mg appliances Instead of preventing caustic 
alkali impregnated cotton from contracting in 
the normal way, tl o cloth rosy be allowed to 


contract to its fullest extent, then stretclied to 
near its original dimensions and the caustic Eoda 
removed by washing while it is in a stretched 
condition Although the lustre developed in 
this way is not inferior to that produced by the 
more familiar method of working, i e by pre 
venting too much contraction immediately 
following the treatment with caustic alkali, it has 
been shown that the force required to stretch a 
contracted cloth back to its original dimensions 
(approx ) is much greater than the force required 
to prevent initial contraction Consequently, 
the best modem practice of mercerising cotton 
cloth is based on the latter principle 
Mercerising Practice — Cotton cloth is mer 
censed either in the grey state, i e direct from 
the loom, or after semi or full bleaching In 
either case, the cloth is singed (cf Bleaching, 
Vol II, 5a) prior to the first wet treatment opera 
tion Mercerising before bleaching appears to be 
practised to a greater extent than after bleaching, 
although a better lustre is obtained excess 
caustic soda is removed more readdy and 
higher speeds of treatment are attainable by 
adopting the latter procedure Bleached cloth 
is prepared for mercerising, dunng the last stages 
of bleaching, by passing it continuously, in rope 
form, from the last washing machine no a 
scutching machine (opening out to •full width), 
through a heavy water mangle finally, it is 
dried by causing it to travel over a senes of 
rev oI\ ing steam heated drying cylinders 
Grey cloth is often treated with a desizing 
agent, eg malt extract, after singeing or after 
mercerising, t e immediately before bleaching 
in order to remove, from the warp threads 
starchy matter originally introduced in the form 
of sizing paste for the purpose of strengthening 
them dunng weaving If desizmg takes place 
beforb mercerising the washing after the latter 
operation, to remove excess caustic soda, need 
not be so drastic as is necessary when desizing 
takes place after mercerising In fact it is 
customary to leave a small amount of caustic 
soda in the cloth after mercerising, if desizmg has 
already taken place bo that it serves partly as 
the alkali for the first lye boil of the bleaching 
process , in this case, the mercerised grey cloth 
is passed direct to the ly e boiling kier after excess 
caustic alkali has been removed in the mcr 
censing process The waste caustic soda from 
the mercerised grey goods is not so pure, of 
course, as that from bleached goods , con 
Bumption of caustic soda in the best types of 
plant is about 20-25% on the weight of the cloth 
The main physical phenomena that occur 
during the initial treatment of the cotton with 
concentrated caustic alkali are lateral swelling 
of the individual cotton hairs and untwisting of 
their natural convolutions These effects vary 
in intensity and completeness according to the 
length of time of treatment with, and con 
centration of, the caustic alkali , they are also 
influenced by the degree of twist In the yarn, 
and the amount of starch, etc , on the warp 
threads The highest lustre is produced how 
ever, when swelling and untwisting are allowed 
to proceed to a maximum, but m commercial 
practice a compromise is essential in order to 
enable the process to be came 1 out continuously 
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and economically : 7 'Tv. caustic soda has no . of the rollers. Although two mangles are nsed 
appreciable swelling action on bleached cotton : ’ for rapid prodnc-tion. only one is required for 
lo'Tw. caustic soda produces a distinct swelling | cloth that is easily penetrated by the alkali, 
effect, and swelling is at a maximum with ahont ' (2) Hydraulic Tcrsior. Regulator . — This oper- 

45'Tw. caustic- soda. Also, in the case of purified ' ates just before tie cloth enters the stenter : 
cotton, the action is complete in about 30 seconds | its use prevents the weft from boxing and 
-.chen fiOTV. caustic soda solutionis used. whereas ‘ pncketing. It consists of three guide rollers, 
vita grey cotton, a longer period, is needed ■ rwo of which are fixed in a horizontal plane, 
before the maximum changes occur. Cortse- , whilst the middle roller operates hydraulically 
oueatly. in the design of plant for a eontinnous ( between the other rwo, so as to develop a con- 
system of mercerising, the speed of the cloth f stant hydra nlic load over the whole width of the 
is arranged to give a raioinuim action-period of cloth and hold the warp threads at a pre- 
30 seconds, i.e. between the time of impregnation determined tension. 

with caustic alkali and the first rinsing treatment. (3) Sferferirg Machine or Stenter . — The es- 
Merccrising Plant for Cloth . — A typical modem sential features of this machine are two series 
cloth mercerising plant or range consists of of self-feeding clamps made* of hard nickel grip 
(1) one or two impregnating mangles: (2) a ; plates and carried on endless chains running in 
hydraulic tension regulator for the warp j races : a series of clamps is carried in a chain at 
threads : (3) a clip stenter with accessory appara- > each side of the machine : both series of clamps, 
tns. she. rinsing apparatus and compensating ! as well as the travelling doth, are in a horizontal 
tension rollers between the end of the stenter \ plane, and are so constructed that a portion of 
and caustic alkali recuperator ; (4 and 5) caustic ( each selvedge of the travelling doth, as it enters 
soda recuperator and neutralising and rinsing j the machine, is gripped automatically by a grip 
boxes. The procedure briefly is as follows : j plate : as the doth travels forward, more 
The dry doth, in open width, is drawn through • adjacent grip pistes come into action, so that a 
c-oH caustic solution in (1) and squeezed between [ long piece of doth is held firmly in position in a 
rollers under high pre ss ure ; this operation may ? pre-determined width while in a state of motion 
be repeated while the cloth is travelling forward and thus is prevented horn contracting; excess 


continuously. In high speed work, the doth 
passes next over a series of hollow iron drams 
fixed dose together : this operation allows time 
for the alkali to act and prevents shrinkage 
before the doth passes through a second im- 
pregnating mangle and then via the expansion 
rollers of a warp-tension device (2). on to a 
stenter (3), where it is gripped powerfully at the 
selvedges by clips : after passing along the 
stenter for about 20 ft-, the cloth is subjected to 
the first rinsing operation: next it is released 
automatically from the dips at the end of the 
stenter and then passes over compensating 
rollers into the recuperating box (4), from which 
it passes through dilute sulphuric add and is 
finally rinsed thoroughly with water (5). 

(1) Impregnating or Padding AT angle . — This 
consists of a box comprising two compartments 
for holding caustic soda solution ; it is provided 
with a few guide rollers in each compartment for 
depressing and guiding the doth through the 
alkali; also it is usually jacketed so that the 
temperature of the alkali can be kepi constant. 
In the most efficient system of mercerising, two 
mangles, each having two compartments, are 
nsed. and the concentrations of the caustic soda 
liquors in the four compartments increase 
progressively from about 3-5 r io 5 - 5 ‘Tw. A tier 
of three bowls or rollers is placed immediately 
above each box ; the projecting steel centres of 
these rollers are supported at both sides in 
bearings contained in exceptionally strong 
chucks : usually the bottom and top rollers of 
the tierare made of chilled iron, whilst the middle 
roller is covered with tough rubber. The rollers 
are positively geared to prevent slippage of the 
alkali imuregnated cloth, and by means of pres- 
sure adjustments at both ends, the points of 
contact between the rubber periphery of the 
middle roller and the two other rollers when 
ready for operation, arc brought into as perfect 
alignment as ptwriblc over the whole surfaces 


| caustic soda is removed by spraying the top of 
! the cloth with hot dilute caustic soda solution ; 
J the wgsh-liqnor collects at each spraying point. 


; and is directed by means of a -doctor or scraping 


appliance to a point immediately- over per- 
forated suction boxes beneath the cloth, a 


| vacuum pump being used to provide the suction, 
f Rinsing is done on the counter current system 
and. when the alkali has been reduced to about 
15Tv_ no further shrinkage of the cloth is 
likely to occur. The caustic alkali removed by 
rinsing is passed forward to a purification and 
concentration plant. The doth is released auto- 
matically at the end of the stenter and passes 
through compensating rollers to regulate its 
speed of travel with that of the driven rollers 
in the alkali-recuperating box. 

(4) AUrali-Recnpcrating Bor . — This consists of 
several compartments containing guide rollers 
for the travelling doth against which low pres- 
1 sure steam is blown : most of the residual 


! caustic soda collects at the bottom of the box. 


i (5) neutralising and Rinsing Bones . — The 
cloth from (4) next passes between squeezing 
| rollers into a tank containing F— 3’Tw. sub 
phone acid at 5Q~C . : it is then washed by jets 
of water while passing through another box. and 
after passing through a third box containing clean 
water, it is squeezed : if the cloth is in the grev 
state, it may then be desired and subsequentlv 
bleached, as previously outlined on p. lS4c. 
i If, however, the doth has been partly bleached 
j before mercerising, the sonrinn and final washing 
j operations may be omitted and bleaching com- 
S pleted in the usual maimer. 

; Chair, less Mercerising Machine . — This machine 
| is provided with similar impregnation boxes, 
intermediate drums for prevention shrinkane in 
■ width and the same type of hydraulic tension 
[ regulator a? those nsed on the chain machine, 

J but the chain yard clips on the latter arc rc- 
' placed by* a series of curved expanders wherebv 
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in conjunction with tlie warp 1 tensioning regu 
later, tho cloth, as it passes continuously through 
the machine, is expanded to 5ts full width before 
it enters the rinsing compartments Six t\ 
panders serve to produce this effect, they are 
covertd with rubber to enable the slippery 
alkali impregnated cloth to be gripped more 
firmly than by raetal surfaces The cloth next 
passes over another senes of expanders in h 
rinsing box which is divided into sections, the 
fresh hot rinsing water being caused to travel 
in the opposite direction to that of the cloth i 
Machines of this kind can be used for mercerising ! 
two pieces of certain types of cloth in juxta I 
position in one passage (v BP 210484, 
295062) ^ . 

Mercerising Union Fabrics of (A) Colton and, 
Kay on, (B) Colton and Cellulose Acelale Rayon 

(A) Cloth composed of cotton and viscose 
rayon may bo mercerised in a similar way to 
that adopted for cotton cloth , it is best, bow 
ever, to wash out the alkali as quickly as possible 
with boding water (f/ BP 295062) Cloths 
made from composite jams of cotton and 
viscose rayon staple fibre (up to about 20% of 
the latter) can also be treated similarly It 15 
essential to remove excess alkali as quicklj an 
possible in tho initial rinsing operation and 
perhaps this is best done by a series of spray 
pipes through which nearly boiling water 
sprayed on to the material 

(B) Mixture cloths containing cotton and 
cellulose acetate rayon fibres can also be mer 
censed in the same way as cotton cloths (t 
B P 210484) The penod of contact of the 
alkali with the cloth should be reduced to it 
minimum, consistent with the mercensation of 
the cotton portion, whilst very thorough and 
quick washing with large volumes of cold water 
is essential, otherwise the cellulose acetate 

ortion of the cloth is liable to become partly 

ydrolysed by the diluted alkali Thus, s. 
typical process of mercerising, dyeing and finish 
mg cloths of this type involves the following 
operations — Singeing on both aides of cloth, 
desizing; rinsing, drying, mercerising, scour 
ing m Boap solution at 80-85°C on jigs, rinsing, 
dyeing, rinsing, impregnating with a softening 
agent, e g highly sulphonated castor oil , 
stretching or stentenng , drying , light calender, 
mg , and packing, etc , for delivery to customers 

Finishing Woven Cotton Fabrics. 

Tho chief operations carried out in finishing 
cotton fabrics arc — Stiffening, filling or weight 
mg, drjing, dampening, stretching, calendering, 
beetling, etc 

(V) Stiffen 1 mi — The main object in thu, 
i>}» ration is to give the doth a firmer handle 
It is n< comp! idled bj impregnating the fabric 
with gelatinised starch or with gums, «tc , witfi 
or without the addition of Boftenwg agents, t g 
glycerol, sulphatcd oils, etc , follows! by drjing 
The degree of firmness attained is governed by 
the nature and consistency of the starch mixture 
nsc<l, and the amount absorbed und'or form) 
into the doth bv mediaiueal pressure and hie 
friction Usually, the starch mixture is applied 


by means of a starch mangle Ibis typo of 
machine is mailable in many different mod iff 
cations, but similar principles are involved in 
nearly all types In order to remove creases 
and impart slight tension, tho drv clolh is drawn 
in full width over one or more tension rails 
direct into the stiffening mixture contained in a 
box (starch box) provided with a closed steam 
cod, waste outlet, etc , and situated immediately 
beneath 2 or 3 heavy bowls or rollers commonly 
arranged in a vertical plane The box is fitted 
with one or more rollers for the cloth, which, on 
emerging from the paste, is then drawn over a rad 
or opener into the “ rup ” of the two lower 
rollers 

Thus, the starch paste, etc , is squeezed into 
tho cloth and where a light stiffening is required, 
tins operation 13 sufficient For heavier effects, 
however, a three bowl mangle is used, and in this 
case the cloth passes first between the lower nip 
and then between the upper nip, » e the points 
of contact between the upper and middle bowl 
or roller The bowls are usually made of brass, 
cotton, sycamore, rubber, etc , and are arranged 
in suitable combinations according to the type 
of cloth to be treated and the finished effect 
required Thus, a common combination con 
sisfcs of two cotton or sycamore bowls with a 
brass bowl between them, te a three howl 
mangle The middle bowl is positively driven 
so that all three bowls revolve at the same 
circumferential speed An elastic uniform pres 
sure at the nips of the bowls 13 secured by means 
of compound levers and weights fitted to Btrong 
side frames acting on tho steel end cores of the 
bowls 

Friction Starch Mangle — This machine is used 
when fairly heavy fillings arc used to fill up com 
pletely the meshes of tho cloth and to secure a 
full, sobd and stiff finished effect It 19 a two 
bowl mangle, the lower bowl being made of 
cotton and the upper one of brass The lower 
bowl is partly immersed in the filling mixture 
contained 111 the starch box, and, ns it revolves, 
it carries round to the nip n portion of the filling 
mixture The speed of travel of the cloth is 
about the same as that of the brass bowl, but 
greater than that of tho cotton bowl After 
passing over tension rails and an opening bar, 
tho cloth passes direct between the two bowls 
and, as the surface speed of the cotton bowl 1* 
slower than that of the brass bowl, a combined 
friction or rubbing effect with pressure develops 
between tho cotton bowl and the clotli, whereby 
the interstices between warp and weft and the 
fibres themselves an? filled up completely with 
tho starch The amount of friction set up can 
bo varied at will by tho use of change wheels 

bacl Filling Mangles — Certain kinds of white 
cloth and also many calico prints are filled nr 
stiffened on the bark only J'or this purpose, 
a back idling mangle is used 'I he iloth is 
drawn over tension bars and a tn im. rail, it" 
fico is then brought into close contact with the 
underside of a large bow 1 , part of tho latter 
revolves in a starch mixture contained in a 
starch box, so that the back of tho cloth takes 
up the starch filling, the face being protected by 
close contact with the bowl, surplus .starch is 
removed from the cloth, as it leaves the howl. 
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ot reduced by a screw arrangement as required 
Additional stretching rings aro presided to 
enable the cloth to be stretched across the 
whole width 

Calendering — This is practical!} the last 
main operation to wlucli all classes of oelltilosio 
and silk goods aro subjected m finishing pro 
cesses Innumerable effects, which are governed 
largely, of course, by the amount and nature of 
the filling introduced at the starch mangle, 
padding box, etc , % arying in handlo from a soft 
mellow feel to a somewhat hard feel, c g 
buckram, and in lustre from a comparatively 
dull surface to one resembling polished glass, 
can bo obtained by the correct choice of 
calenders A calendering operation is somewhat 
similar in elementary principles to those under 
lying the use of the ordinary domestic iron 
The simplest type of calender consists of bowls 
in vertical alignment, one of which (middle) is 
of highly polished and trued chilled iron and the 
other tu o of cotton The steel centres and ends 
need to bo exceptionally strong so as to enable 
them to withstand heavy shod s and fatigue 
whilo in use The how Is are supported by their 
ends in bearings held in a strong cast iron Bide 
frame, in some types, roller bearings are used 
The bowls can be raised or lowered and pressure 
is applied to the nips by means of compound 
levers and weights with regulating screws, or 
a “ dead set ” pressure may be applied 

All calenders aro provided with tension rails 
for entering the cloth and hatching apparatus 
for winding the calendered cloth into a roll 
When a high degree of lustre is required on cer 
tain cloths, at least one of the chilled iron bowls 
is provided with an arrangement whereby it 
can bo heated internally by steam, or a con 
pressed nir and gas mixture may bo used 

friction calenders, light or heavy, working 
on the same principles as friction starch 
mangles, but of greatly increased strength (c/ 
p 186/1) arc largely used for producing a glazed 
face finish on grey finished cloths, dyeu and 
printed goods, bookbinding and tracing cloths, 
etc In order to prevent the cloth from slipping 
while passing between the nips, the metal bowls 
are geared together 

Multiple bowl ordinary calenders, provided 
(a) with at least one metal bowl, which can be 
heated by combustion of a mixture of compressed 
air and gas, or (Z>) with two or more bowls ar 
ranged for heating with steam, are used in 
various sections of the textile and paper finishing 
industries The bowls are made of chilled iron 
cast iron, steel, brass, cotton, linen, or woollen 
paper, and arc used in various combinations to 
suit the particular type of fabric which is to bo 
calendered 

So called uim creal calenders also aro in use , 
they aro designed to bo used for v a nous pur 
poses, eg cold calendering, swis*ing, chasing, 
etc, but for heavy pressure work it is best to 
u=c special types The chief technical terms 
used in calendering, etc , and their definitions 
are 

Simsiny — A method of imparting a soft and 
mellow feel to cellulosic fabrics, t g mans kinds 
of printed cloth", as well as white, d\e«l and 
coloured woven goods An ordinary time bow! 


calender with one chilled iron howl working 
between two cotton bowls is commonly used 
If desired, the iron bowl can be heated by steam 
Chasing — The production of a thready, 
lustrous, imitation beetle finished effect on 
cotton, etc , cloth The cloth, m multiple folds, 
is passed continuously through a calender with 
five or more bowls, e g two of chilled iron (one 
of which can be heated) and three of cotton 
Chesting — A method of imparting a thready 
and water marked or moir6 finished effect It 
is produced by passing the cloth, from bottom 
to top, between a scries of calender bowls, and 
then batching, tew inding it into a large roll of 
calendered single ply cloth on the top bowl and 
causing the roll of cloth to revolvo for some 
time under heavy pressure This operation is 
often known as rolling or mangbng 
Schreinenng — A process of embossing the face 
of the cotton clotli with a senes of continuous 
closely packed lines so as to produce a silky 
effect The ‘cloth, which has been conditioned 
so as to contain a little moro than its normal 
moisture content, is passed between two bowls 
of a Schreiner calender Tlio top or driving 
bowl is made of special steel bored centrally for 
heating with steam or gas and air, after 
polishing to a high degree, it is engrav ed w ith fine 
fairly deep lines or cuts usually running very 
close together round the bowl The number, 
and the angles of the lines, m relation to the axis 
of the bowl, vary according to tbo typo of fabric 
to bo 8chreinered and tb© twist of th© warp yarn, 
In most cases, tho anglo of the engraving is 
nearly tho same as that of the twist of the yam 
so that the natural reflecting surfaces help to 
increase the lustre produced by the embossed 
lines A bowl for schreinenng ordinary twill, 
sateen etc , fabrics, usually is engraved with 
about 200-300 lines per in , but for tho produc 
tion of tho highest degree of lustre a bowl having 
600 lines per in may bo used fho lower bowl 
is much larger in diameter than tho steel bowl, 
it is usually made of hard pressed cotton or 
woollen paper A so called spun glass finished 
effect can bo obtained bv setting up friction 
while tho cloth is under great pressure In this 
arrangement, the steel bowl is engraved with 
concentric lines at right angles to its axis, it 
impresses the lines on tho cloth parallel to tho 
warp threads and tho new surface thus obtained 
is polished by the friction set up between the 
bowls, friction wheels are available to impart 
the requisite amount of friction 
Beetling — A method of imparting a smooth 
and thready effect to many kinds of linen and 
cotton cloths The operation tends nho to close 
tip the interstices between tho warp and weft 
threads Several webs or pieces of conditioned 
cloth are wound on to a roller anil the roll then 
caused to revolt o slowly while a scries of heavy 
wooden rounded end “ fallcrs ” drop one after 
another on to the cloth and aro immediately 
lifted by a cam attached to a revolving shaft > 
the fait and lift movements go on continually 
while the rolls are caused to move laterally 
about 3 in during tho operation 'Metal ham* 
mcp> attached to a specially dc'igned machine, 
enablo the process to In completed more quickly 
than with tho wood cn hammer type of machine. 
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owing to tie rapidity with which elastic blows 
from, the banners fall on the cloth. Tne finished 
effect, ho— ever, is not considered to be as attrac- 
tive as that produced by wooden tellers. 

EirHOSsrs'c-. — Imprinting a design cnt in a 
steel bowl on to the surface of cloth. This 
operation is analogous to sehreinerfng. but the 
lines on the steel bowl are coarsely engraved 
and they number only about 130-2-50 per in. 
Bowls with lines cat at an angle of about 45' 
are commonly used for embossing bookbinding 
cloth. In contrast, appropriate lines may be 
cut at the usual angles on the steel bowls and 
then portions of the lines cut away and a figure 
engraved ir.iac r io. These bowls give a less 
lustrous effect at the figured portions ; again, 
only the figured portions may be engraved with 
fine lines, thus giving insured figure effects on a 
smooth crouncL 

Finishing Materials. 

A large choice of compounds suitable for use 
as stiffening, filin g, softening, etc., agents for 
cedolosic cloths is available. They may be 
classified as (1) stiffening and binding agents : 
(II) filling and weighting materials ; (3) softening 
and emulsifying agents : and (4) miscellanea ns 
substances. Some of the materials in one group 
may also act as members of another group. 
Thus, although glycerol is a softening agent, 
it also acts, by virtue of its hygroscopic nature, 
as a weighting agent. The chief materials in 
each of the groups are : (1) Potato, maize, 

wheat and rice starches : also sago and wheaten 
Sours. (2) China clay, mineral white (cal- 
cium. sulphate). French chalk or talc and a 
related American product known as talc clay 


(hydrated magnesium silicate), magnesium sul- 
phate, etc. (3) Soaps, especially castor oil 
soap, Turkey red oils of various grades of sul- 
phation and sulphonation. sulphated higher 
aliphatic alcohols, various proprietary com- 
pounds containing long-chain aliphatic groups. 
e.Q. synthetic higher fatty acid esters of glycerol, 
glycol derivatives, etc. (4) Glycerol and gly- 
cerol substitutes and zinc and magnesium 
chlorides (hygroscopic agents) : salicylic acid 
derivatives, e.p. ‘‘Shiriar. ’’ (antiseptics) ; natural 
and synthetic waves (glazing and softening 
agents) ; various water-, fire- and moth-proofing 
substances : vetting-out and anti-crease agents, 
etc. ; ultramarine and various blue and violet 
dyes (tinting agents) ; cellulose derivatives in- 
cluding cellulose nitrate lacquers : also many 
other substances. 

Peep ap.a Troy or Feosees'c; Pastes, etc. — 
Ordinary finishing pastes are made in round or 
square tanks provided with mechanical agitators 
and means for heating the pastes by direct or 
indirect steam. Starches are first mixed uni- 
formity with cold water and then boiled well 
during agitation; fionr is first mixed to a 
smooth paste with cold water, then thinned by 
the addition of more water and boiled; the 
other ingredients are added as required. The 
concentrations of starch, etc., used, vary con- 
siderably according to the nature of the cloth . 
to be stiffened and the kind of finished effect 
required. Starch pastes should be entirely free 
from lumps before they axe placed in the box of 
the starch mangle. 

Mats' Dmsioys or Lottos' Clote Fentsh- 
Esg. — A rough classification of the chief divisions 
into which the finishing of cotton cloths may be 
grouped is given in the following diagram — 


Raw or Grev Cotton Cloths indudin? Cloths containing Woven Coloured Effects. 
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Examples of the technique followed m pro 
ducmg various kinds of finished effects art as 
follows : 

Heavy Grey Sheeting — The cloth is 
stiffened on a friction starch mangle with a 
paste containing about 12% white dextrin, 

I 5% maize start h, previously boiled together, 
with addition of about £% gly cerol, J% Turkey 
Red oil 1 inally it is dried and passed through 
one calender 

Cotton Cloth Dyed in the Grey State — 
Tho cloth is first calendered and then impreg 
nated with a solution made by dissolving \ cwt 
Glauber's salt in 3 gallons water containing 3 
quarts each 48°Tw magnesium chloride and 
100°Tw zinc chloride and then adding sufficient 
magnesium sulphate to give, on cooling, a 55°Tw 
solution Drying and calendering complete the 
process 

Grey Cloths with Coloured Checks or 
Borders — Tho cloth is impregnated, on the 
starch mangle, with magnesium sulphate etc, 
solution or with a starch paste which may or 
may not contain magnesium sulphate It is then 
dried on steam heated cy hnders, stretched on a 
short stenter with a weft straightening attach 
ment and finally calendered as desired 
Bleached Cotton Cloths — (1) i>ofl Hand 
kerchief Finish — The bleached cotton is water 
mangled, dried, conditioned stretched (belt 
stretching machine) and swiss calendered on 
both sides by passing through a multiple bowl 
calender 

(2) Bottle Ftntsh — The bleached clotn is 
water mangled (with ultramarine blue m the 
box) dried, dampened stretched calendered 
(chased) and beetled for 15 minutes each end 

(3) Stiff Finished Effects — The degree of 
stiffness 13 x nned according to requirements by 
using pastes made from mixtures of starches 
and dextrin in different proportions m a few 
cases, small amounts of mineral weighting 
ogents are used , Turkey Red oil or other suit 
able agents are usually added to the pastes to 
soften the harsh effect imparted by the starch 
etc , and ultramarine blue is added to counteract 
tho slightly yellowish tint of the fabrics and 
the resultant starch films produced during drying 
of the filled material The general procedure 
in nearly all cases is as follow s Water mangling, 
drying, filling or starching, stretching drying, 
cooling, dampening nnd calendering By vary I 
ing the nature and concentration of the filling 
pastes, nnd using suitable cold or hot calenders 
to give gloss, compactness, friction effects, etc , 
almost any kind of finished effect can be obtained 

Finished Effects on Dyed and Printed 
Cloths 

't’ho jij, of a finishing paste may influence the 
of the colour of the dyed cloth Conse 
1 . it is best to use neutral mixtures or, 
e cases, t g sulphur dy eings, slightly 
ne pastes Mercerised cloths, 1 1 j shirting 
handkerchief cloths, etc, are rarely filled 

till starcha substances which yield harsh 
opaque films on drying liccnuse such cloths 
need to exhibit lustre and possess it soft handle 
This statement applies to nil cloths which should 
j«o<scn.s a «nft niell tw handle Blien a died 


cloth is required to possess a stiff handle, the 
filling itself is often dyed, eg it is mixed with 
an appropriate dye solution Thus, some black 
dyed cloths of this kind are filled with a starch 
dextrin paste which has been coloured with a 
direct cotton black dye The operations and 
their sequence are similar to those described 
under the finishing of bleached cloth When a 
special finished effect, eg an embossed effect, 
is required, it is common practice first to pass 
the doth through "the usual operations, in order 
to help to close up the spaces between warp 
and weft and flatten the surface threads The 
special effect is then obtained bv a final mecham 
eal treatment designed for the purpose, eg 
embossing 

Several types of printed cotton cloths are back 
filled The usual procedure is as follows — The 
dry cloth is back filled with a starch paste 
china clay mixture containing a little softening 
agent and ultramarine blue It is then dried 
cooled, conditioned, stretched if necessary, and 
finally passed through an ordinary cold swissing 
calender 

Shirting Cloths containing Woven 
Coloured Strifes — The dyes used for the 
coloured yarns in good quality shirting cloths 
are generally of the vat and azoic classes so 
that such cloths are able to withstand scouring 
with alkali and bleaching with hypochlontei 
without the dyes bleeding on to adjacent parts 
of the fabrics, this defect may occur, however, 
if the goods, while wet, are allowed to lie about 
in heaps A typical complete wet processing 
and finishing procedure is as follows Singeing 
desizing rinsing lye boiling in open 1 iers 
(about 100 lb soda ash and 20 lb soap for 3-» 
tons of cloth), bleaching (1° Tw bleaching 
powder solution at 80T for 1 hour) rinsing, 
scutching, drying, impregnating with a softening 
agent, stcntcring, chase calendering, pre shrink 
ing, e g Sanforising or Itigmclising (we p 193) 
anil making upjor sale 

Permanent ’ I inished Effects on Cot 
ton and Linen — Cotton and some other cellu 
losic fibres may bo caused to exhibit distinctive 
finished effects either by (1) direct chemical 
action and/or solvent action on tho fibre, (2) 
by the introduction of chemical compounds 
usually via solutions or emulsions into nnd/or 
on the fibres, followed by removal of tho tlis 

persing medium, in the latter case, ft subsequent 

heat treatment may !>o used to induco ft fiW" 
chemical change between suitablo compounds 
deposited or precipitated on tho fibres, nod 
(3) by mechanical means, e g the Sanforised 
and Kigmel finishes 

Effects produced by any of the methods used 
in the three classes are either permanent or 
semi permanent to w ashing, etc , during * 
normal period of use Many permanent finished 
effects are obtained m cases where the main 
object is to render fabrics impervious to water 
(*ee ‘ \\ nterproofing,’ p 107c) 

(I) PFRVUM.XT LpIFCTS PrODICFD BV DlRFU* 
Ciieviicvi AXn/OR ^-OIVFXT Arrinx OX 
Cfuxi ns* 

Translucent, Parct ment, and 11 ool /.lie Fffeet* 
— \ short treat n« nt of rotten r loth with cold 
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finished effects on ray on clotlis In general, 
the use of suitable synthetic resins, formed 1 
in situ on cloth, results, after calendering, 
embossing, etc , in the development of finished 
effects of good resistance to washing Acid 
dyes can be applied to cotton and rendered fast 
to washing by similar means, » e dyes which 
dye only the resin can be used and the resin 
treatment may take place before or after dyeing 
and/or printing Again, pattern effects may bo 
produced by printing on the cloth a resist, e g 
citric acid, winch prevents the formation of the 
resin polymer at the printed partB 1 urthcr, 
rnoio tenacious yams and fabrics are produced 
and a permanent weighting of up to 20% may 
be incorporated Other directions in which 
synthetic resins are being used in the textile 
industry include the manufacture of multi ply 
fabrics for collars, etc , which can he washed 
easily. Also, the use of staple fibre (spun rayon) 
will probably’ expand more rapidly as a result 
of the new technique of producing permanent 
finished effects on the woven cloth with eyn 
thetic resins It has been found, for example, 
that ordinary spun rayon fabrics, after ordinary 
shrinkage, shrink further on washing, but 
when finished with a suitable synthetic resin 
they are unaffected on washing Apart from 
the practice of forming the resin within the 
fibre substance, it is possible to produce clear 
continuous resinous films on the surface of the 
cloth The general finished effects produced 
by the formation of synthetic resins on, and in, 
textiles, are brighter, clearer, more or less 
permanent and faster to washing than ordinary- 
effects produced by long established methods 
In addition to the urea formaldchydo resins, 
it has been demonstrated during tho past few 
years that the complex compounds, formed by 
polymerisation and condensation of methacryhc 
esters glycerol-phthalic acid, vinyl cldoride- 
vinyl acetate, melamine-formaldehyde, quater 
nary ammonium-formaldchydc-lughcr fatty 
acid complexes, etc , arc valuable agents for the 
production of permanent and other finished 
effects on cotton and other fibrous materials 
The resinous methacryhc ester polymers for 
example, are formed at comparatively low 
temperatures and arc of (special interest, there 
fore, in tho finishing of silk, wool, easein fibres, 
cellulose acetate rayon, etc A considerable 
number of commercial materials for producing 
resins of different degrees of polymerisation ls 
now available, and the “permanent ” finished 
effects on textiles obtainable with tlieir aid 
vary to such an extent that nearly all the re 
quiremcnts of tho public as regards appearance, 
durability, handle, fastness of dyungs to wash 
mg etc , can be obtained with comparative case 
In addition, the treatment with synthetic resins 
of yarns and fabric intended for the monu 
future of hose pipes and other articles which 
must be resident to petrol, oils, etc , has already 
met with a certain amount of success Some of 
the commercial j roducts arc soluble in water, 
some are sent out as aqueous emulsions, whilst 
others are soluble onlv in organic solvent*, eg 
carbon tetrachloride {“Permanent** finished 
effects of the water repellant type are described 
under * Waterproofing,” p 107) 


“ Pepmanknt ” Finished Effects fro 
dcced with Celtulose Etiiers — Various com 
mercial brands of cellulose ethers and hydroxy- 
ethers sold under proprietary names have been 
advocated for use in different branches of the 
textile finishing industry for the past few years 
The most important of these products are the 
hydroxy ethoxy -derivatives of cellulose They 
are usually classified as alkali and water 
soluble cellulose ethers, corresponding with 
products containing medium and comparatively 
high hydroxyalkoxy contents ifethylccUu 
loses having somewhat similar properties appear 
to be more suitable for use as thickening agents 
for special styles in calico printing than as 
finishing materials, although they have beeii in 
commerce for a much longer period than the 
hydroxyethoxy denvativ e.s The caustic alkali 
soluble typo of the latter is the most suitable 
product for use on cellulosic cloths m the dev clop 
men t of finished effects reason ably fist to washing, 
wear, etc It dissolves in 5-10% caustic soda 
solution at low temperatures, eg 5°C, to give 
fairly clear working solutions of about 2-7% 

| concentration , higher concentrations tend to 
form gels The clear solutions iro stable at 
room temperature, hut are likely to coagulate 
at about G0°C Coagulation also takes place 
readily in presence of acids, salts and con 
centrated caustic soda solution The cclluloso 
ethers aro remarkably stable when compared 
with cellulose esters Consequently, they may 
be applied to cotton cloth either before, during 
O’- after the normal bleaching process 

According to Craik and Davis (J Soc Dyers 
and Col , 1039, 55, 097), the product obtained 
by ethenfying alkali cclluloso with one molecule 
cthenfying agent, e g ethylene oxide, per foul 
molecules, C e H I0 O s , is soluble in 5-10% caustic 
6oda solution at ordinary temperature and is 
the most satisfactory of tho cclluloso ethers for 
use in producing permanent finished effects on 
cotton 

Craik and Davis (I c ) give the following list 
of uses of this type of cellulose ether — Imparting 
linen like finished effects to cotton , stiffening 
cotton, jute, rayon or spun rayon staple fibre, 
holding fillers or pigments in suspension up to a 
maximum of three parts filler to one part cello 
lose ether, doubling cloths, preparation of 
bookcloth, window hollands, photographic cloth 
and pigmented fabrics, etc 

Three methods of application of telltilosc 
ethers are in use, viz (a) a <lis[temon of about 
3-5% cellulose ether in caustic soda solution 
is used alone for inparting linen like effects to 
cotton cloth, (6) a cellulose ether is used as a 
medium for enabling heavy filling*, eg china 
clay , talc, etc , to be applied to low grades of 
cloth , such filling should not dust out when the 
filled cloth is torn or rublied, and the new pro 
ducts are far superior to starch for producing 
fnrly satisfactory laundry resistant effects, 
(e) cellulose ether dispersions, with or without 
filling agent, containing soap or foam producing 
material are beaten into a foam and applied to 
cloth by the usual means whereby flic ether, on 
immediate subsequent precipitation by means 
of acid or salt solutions, assumes an oj>en or 
cellular form , in this mcthcxIThfgh concentro- 
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tions of the ethers may be used without mating 
the treated cloth too stiff. In most method^ 
the dispersion is padded on to the cloth: in 
some cases, back-filling is employed. Subse- 
quent precipitation of the ether on the cloth is 
achieved by means of dilute acid ; or the treated 
cloth may be dried carefully (foam method 
excepted) and then rinsed well in warm water to 
remove caustic soda. The cloth is then dried 
and/or passed through the requisite finishing 
machines, according to the final effects desired. 
Even grey cloth, immediately after singeing, 
may be impregnated with cellolose-ether dis- 
persions and. after coagulation, e.g. by treat- 
ment with acid, the cloth may be passed in rope 
form through the normal bleaching process 
wiihont greatly affecting the permanency of the 
cellulose-ether effect. 

Production of Permanent Finished Effects by 
Formation of Cellulose Ethers in situ on Cotton 
Cloth . — According to B.P. 439SS0, 475906, 
4S1191, and 4S2942, novel permanent finished 
effects, especially varying degrees of trans- 
parency and stiffness, can be obtained in situ 
on cotton cloth by the action of etkerifjing 
agents, e.g. ethylene oxide. The treated cloth. 
can then be subjected to further finishing 
according to requirements. Various modes of 
etherffying the cotton cloth have been described 
by Lawrie, Reynolds and Ward (J. Soc. Dyers 
and CoL 1939, 56, 6). Thus, cloth is impreg- 
nated with 1-2 times its weight of 9-5% caustic 
soda solution and brought into contact with a 
solution of ethylene oxide in (a) carbon tetra- 
chloride or (6) brine ; or (c) a solution of ethylene 
oxide in caustic soda may be used for the initial 
impregnation; or (d) gaseous ethylene oxide 
may be allowed to act on the alkali-treated 
cloth. Subsequent operations include recovery 
of solvent (if used), neutralisation of caustic 
soda, bleaching with weak calcium hypochlorite 
solution, rinsing and drying, the final dry -finish- 
ing operations being determined according to 
the nature of the final effect required, e.g. 
organdie-, linen-, parchment-like effects, etc. 
The process can also be used in printing for 
obtaining window pane, damask, figured velve- 
teen, and lace effects. 

(3) PEEUiss'EST Fetched Efeects 

Produced by Mechanical Actios - . 

The Sanforising and Bigmel Processes. — In 
addition to the foregoing methods of producing 
permanent finishes by chemical means, two well- 
known methods of permanently positioning the 
threads of warp and weft in the woven structure 
are c arri ed out entirely by mechanical means. 
The finished effects are’ known as Sanforised 
(B.P. 401617) and Bigmel finishes (BJP- 400950). 
The main object of these methods is to treat 
cotton cloths in such a manner that shrinkage, 
during launde ring , of garments made from the 
finished cloth does not occur. Most cellulosic 
febric-s shrink in width and increase in length 
during sco urin g, bleaching, dyeing and other 
wet-pro cessins operations owing mainly to 
(a) the release of torsional energy, (6) sw elling of 
the fibres, and the pulling force commohh- 
exerted lengthways. In the final finishing opera- 
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tions. therefore, it is often necessary to stretch 
the fabrics weft-way to the finished width re- 
quired by tbe merchant. This operation pro- 
duces a temporary set of the warp and weft- 
threads and, as soon as the fabric is wetted out 
in water or soap solution, the yams swell and 
twist until the unequal strains induced bvfinish- 
ing operations are relieved and the fibres have 
adjusted themselves. The inevitable result, 
therefore, is that shrinkage in area occurs. If 
the cloths have not been stretched weft-way 
mechanically, the shrinkage, of course, is mainly 
lengthways. 

Sanforising . — Portions of the ordinary finished 
cloth are first passed through a severe laundering 
treatment and dried in order to determine the 
maximum shrinkage ; the cloth is then marked 
accurately in order to check its length- and width- 
shrinkage during the process as calculated from 
the results of the laundering test. In actual 
Sanforising, the cloth is guided by electrical 
devices to rubber-grip and. speed-control rolls 
in the Sanforising machine ; these rolls are con- 
nected with variable speed gearing and shafts 
to the exit control cylinder, and by altering this 
gearing in accordance with the pre-determined 
shrinkage figures, it is possible to shrink the cloth 
mechanically and continuously to the requisite 
degree. The threads in the woven, fabric are 
forced into closer contact by causing the cloth 
to adhere by pressure to the stretched surface 
of a belt; in the Sanforising machine, and then 
causing contraction of the belt surface and the 
cloth in contact with it, according to the exact 
amount originally indicated by measurement of 
laundering-shrinkage. Finally, the contracted 
or shrunken cloth passes, in this state, over a 
heated exit cylinder where it is set by beat and 
pressure. As a result, the finished material 
emerges from the machine, fully shrunk in length 
and width, and exhibiting a smooth and satis- 
factory trade finish. 

The Rigmel Process. — Two rollers, covered, 
for example, with rubber of 75-S0 c and 95-100" 
hardness, respectively, as measured on the 
Durometer, axe pressed heavily together and 
caused to rotate at different speeds in opposite 
directions so as to cause distortion of the peri- 
phery of the soft roller. The pressure may be 
varied in degree as well as in direction. When 
a fabric is passed between the rollers, it shrinks 
longitudinally if the hard roller rotates more 
quicklv than the soft roller. Conversely, an 
elongation of the fabric occurs if the peripheral 
speed of the soft roller is greater. The shrin kage 
is caused by the distorted resilient surface of 
the soft roller springing back or acting as a 
brake on the fabric in its passage from between 
the rollers, i.e. immediately it has passed the 
point of ma xim um pressure. Thus, the weft 
threads are forced into closer proximity to one 
another than is possible by any other process. 
Tri e degree of shrinkage may be adjusted and 
pre-determined for any given fabric provided 
the soft roller is of sufficient thickness. 

W.LTEBPEOOEEG AXD ShOWEP.EP.OOFE'G. 

Two distinct systems of rendering textile 
fabrics resistant to penetration by water have 
long been in use. In one system, applicable 
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mainly to cellulosic fabrics, etc , the material 
is coated on the surface with. a homogeneous, 
continuous layer of various substances, eg 
rubber, or impregnated throughout its mass with 
oils and waxes, synthetic resins, etc , which, on 
subsequent treatment, yield fabrics that are 
impervious to water and air In both these 
methods, the treated material invariably in 
creases in weight, » e it is weighted as well as 
waterproofed and its physical properties are 
often altered to such an extent that it is unsuit 
able for use in the manufacture of wearing 
apparel In the second system, the threads of 
the fabrics are caused to repel water, but the 
air spaces are not closed and the natural handle 
and other physical properties are either 1 m 
proved or only slightly affected This system 
is often termed shower or rain proofing and may 
be applied either to cellulose or protein fibres 
The treated goods are eminently adapted for the 
manufacture of wearing apparel Showerproof 
or water repellant fabrics offer considerable 
resistance to the passage of water owing to the 
absence of active chemical groups in the water 

f troof film and the low surface tension of the 
atter against air As a result, any water falling 
upon the surface of the fabric is prevented from 
forming a continuous film, t e it tends to collect 
in the form of globules and, consequently, does 
not easily pass through the air spaces adjacent 
to warp and weft threads 

Waterpboofinq 

(A) Use or Rubber — A considerable number 
of different types of cellulosic and other fabrics 
are waterproofed by coating them on one or 
both sides with rubber Ordinary fabrics used 
for the manufacture of raincoats may be of 
cotton, wool union cloth, silk or rayon In the 
best known method of applying rubber as a 
waterproofing material, a thin coating of 
rubber ‘ dough ’ is spread uniformly, by means 
of a spreading machine, on to one side of the 
travelling fabric , the thickness of the coating 
is determined by the use of a gauge which con 
si3ts essentially of a steel knife or doctor The 
dough or paste is made by thoroughly mixing 
sheet rabber, rubber substitute, sulphur and 
mineral filling agents, in powerful masticating 
or milling machines, and converting the mass 
into sheets which are finally mixed with solvent 
naphtha until a smooth paste of about the 
same consistency as bakers dough is obtained 
Several thin coatings of dough may be applied 
to a fabric Tbe first coating is the adhesive 
coat and fills up the pores of the cloth, the 
intermediate coating or coatings supply body, 
and the final coating is termed the * surface , 
the latter may be coloured as required, pigments 
fast to vulcanmng being used The fabrics are 
then vulcanised cold with a solution of sulphur 
chloride in carbon disulphide In double-texture 
proofing, the 11 surface ’ coating applied to one 
side of a piece of cloth is a special composition ( 
termedvarmsh, which enables a second cloth to be 
cemented to it by passing them together between 
suitable rollers In this kind of proofing, eg 
balloon casings, the treatedfabnc is usually sub- 
jected to a hot vulcanising operation tjg at 100- 
130 a C . and the rubber dough used is made from 


best hard cure Para rubber without inorganic 
fillings, as these unfavourably affect the elasticity 
and durability of the rubber content The total 
weight of the coatings apphed to balloon cloth 
(usually consisting of closely woven fine Egyp 
tian cotton yam) is about 12 g per sq metre 
Single texture coatings are usually vulcanised 
by drawing the cloth, under tension, round a 
4 in mahogany roller immersed in a vulcanising 
solution of 1 part S Z CI 2 of not more than 61% 
chlonne and 60 parts carbon disulphide, followed 
by drying on a strain heated cylinder The 
whole of this process is earned out in an en 
closed chamber, next, a current of hot air is 
blown .against the travelling cloth which then 
passes through a chamber containing ammonia 
vapour, at one stage in the process, it is 
brushed with farina or other suitable dusting 
material 

In the steam vulcanisation process, the coated 
materials are heated with steam under pressure 
at about 220-295°F Under these conditions 
the rubber is completely vulcanised in a com 
paratively short time, especially if a suitable 
accelerator has been added to the dough 
Material which is to be proofed with rubber 
Bhouldbefree from traces of copper(not>0 02%), 
and manganese and the ether extract should not 
exceed about 1-2% The outer layer of balloon 
fabnc is generally dyed a yellowish red shade 
with vat dyes before it is coated with rubber 
in order to act as a partial protection against 
the degrading influence of light 

(B) Use or Latex — Although a dispersion of 
natural rubber in water stabilised with ammonia 
has now been available for many years, its use 
as a waterproofing agent for textile fabnea 
does not appear to have made much progress 
owing mainly to its poor penetrating properties 
and lack of adhesiveness Further, unlike a 
coating of rubber dough, the rubber particles 
in latex do not become semi fluid during vul 
camsrng As a result, surfaces that have been 
coated with latex are not smooth and the finished 
effects are often unsatisfactory Various means 
of overcoming these defects have been proposed 
but, in general, tbe methods are more costly 
and do not yield any better results, apart, per 
baps, from a slightly improved quality, com 
pared with effects produced by the rubber 
dough process On the other hand, the low 
capital cost of the plant for applying latex, com 
pared with that for the rubber dough process 
should be an important factor in the exploration 
of possible uses of latex m finishing textiles 
Latex films or coatings are usually vulcanised 
or cured in air, or water at <100°C In this 
process, so called ultra accelerators are often 
used and, as milling is unnecessary, the defect 
of scorching does not occur Water soluble 
ultra accelerators, e g the carbon disulphide 
reaction products of dimethy lamine, piperidine 
and also the suitable alkali metal xanthates 
are to be preferred when curing takes place in 
hot water Apart from its use for the produc 
tion of a waterproof finish, latex, either alone 
or in conjunction with other film forming sub 
stances, js finding many novel applications 
in the textile industries, but as many of them 
are in the initial stages of development, it is 
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rarely falls below 30% A few special types of 
waterproof coverings characterised by the 
absence of a tacky and greasy handle, but 
possessing flexibility even at low temperatures 
and resistance to softening on war min g are 
weighted only to about 20% In such cases, 
mixtures of hard waxes and petrolatum, to 
gether with a little aluminium stearate as 
toughening medium, are often used , the ratio 
of the weight of the above mixture to the weight 
of the solvent used is calculated, after practical 
trials, to give the requisite degree of weighting 
to the finished goods 

Waxes are dissolved in a petroleum fraction 
having a distilling range of about 265-340T , 
and a flash point of 8&-90°F The impregnating 
solution or mixture is contained in a small steam 
jacketed box, provided with three guide rollers 
which depress the cloth into, and guide it 
through, the mixture which is kept at a tempera 
ture of about 120°F In one method, excess 
mix ture is removed from the surfaces of the 
cloth by the pressure on them of blunt blades 
or doctors, and tbe cloth then passes round a 
few steam heated cylinders where the solvent 
is removed and the liquid waxes etc , thus 
penetrate deeply into the fibres and, on flubse 
quent gradual cooling, partly fill up the 
interstices between warp and weft threads 
The effectiveness of the latter condition is 
largely dependent upon the concentration of 
the waxes, etc, in the impregnating mixture 
This method gives good penetration, but com 
plete closure of the spaces between the warp 
and weft is seldom, achieved A better method 
is first to dry the cloth over ft senes of steam 
heated cylinders from which it is drawn directly 
mto the impregnating bath On leaving the 
latter, it is subjected to flexing and friction by 
drawing it over a senes of six staggered steel 
rollers, and the cooling effect caused by the 
travel of the cloth effects an increase m tbe vis 
cosity of the waterproofing medium which, m 
conjunction with the action of the steel rollers, 
yields ft more fully closed waterproof effect than 
the method descnbed previously Many other 
■variations id Vne TntA.'nuda are xn use, e g the 
padding method in which the cloth is squeezed 
as soon as it emerges from the impregnating 
bath The rollers of machines of this type are 
often made now or synthetic rubber which is 
onlj slightly affected by the solvent in tbe im 
pregnating mixture In certain other methods, 
a pasty wax impregnating mixture is applied 
to one or both surfaces of the cloth , the cloth 
is then passed over cooling rollers and dried m a 
hot flue 

The real effectiveness of all waterproofing 
methods is dependent largely on the con 
centrntion and efficiency of tbe water repellant 
agents used, and the penetrating power of the 
carrying medium, i e the solvent or other dis 
pcreing agent, on the nature of the cloth to be 
treated, i e whether close or open mesh, and 
whether made from tightly or loosely span j ams, 
on its weight per unit area, and the particular 
method of, and the type or machine used in 
applying the dispersion of waterproofing 
materials In general, the best methods are 
obtained when heavy cloths are completely im 


pregnated with hot moderately concentrated 
solutions, if the concentration of the water 
proofing agents is reduced below a minimum 
point, the effects obtained are of tbe porous 
showerproof or water repellant type When 
the waterproofing medium is applied to one or 
both sides of tbe cloth, t e the so called coating 
process, the resultant continuous waterproof 
homogeneous films often show poor resistance 
to wear and tear, especially in the case of wax 
coatmgs , if the film breaks, the material soon 
ceases to exhibit water repellancy Coating 
methods in which solutions of wax, etc , are 
used, find considerable application however, 
m the finishing of low weight cloths of fairly 
open textures An example of a method of 
waterproofing (and weighting) heavy canvas 
cloth for use as an out of doors protective 
covering material is as follows 23 lb petrola 
turn, m p 135°F , and 20 lb paraffin wax, m p 
124°F , are melted in an electrically heated pan , 
30 Jb petroleum bitumen are added and the 
whole stirred until the latter has dissolved 
Finally, the mixture is poured through a sieve 
and allowed to cool When required for use; 
definite weights of the product are heated 
gently and thinned with vaiying amounts of a 
suitable petroleum oil fraction according to the 
kind of finish required, the type of canvas etc , 
to be impregnated, and whether or not the 
material passes between squeezing rollers after 
leaving the impregnating box An average 
concentration is about 50% This mixture 
yields a brownish coloured finish which may be 
toned, if desired by adding a portion of a well 
ground paste of iron oxide to the hot wax 
bitumen preparation Also extenders, e g 
as best me, may be added for cheaper goods 
Impregnation of the canvas is achieved by 
drawing it at a speed of about 40 yards per 
minute through the mixture at 116-I20°F 
After leaving the impregnating box, the cloth 
travels a short distance horizontally to the first 
of a senes of smooth steel flexing rollers, excess 
mixture being removed while it is travelling 
horizontally by means of two doctor blades 
irtncn are placed a short distance apart and 
caused to press upon the two sides of the cloth 
immediately above the impregnating box, so 
that excess mixture falls back into it After 
passing round tbe steel rollers, the canvas is 
looped on rods and is then conveyed by chain 
mechanism mto an enclosed drying chamber 
m which the temperature is maintained at 
I12°F 

SHOWERPROOF OP. \\ ATER R.EPELLAVT 
Effects — Closely woven or dense fabrics in 
variably give better results than those of a more 
open structure on treatment with water repel 
lant substances The oldest process, which is 
still used to a considerable extent is earned 
out by precipitating on the fibres aluminium 
salts of fatty acids of high molecular weight 
Thus cotton fabnc is impregnated with (o) a 
solution of good quality soap containing about 
IJ-2 oz per gallon and then, after squeezing 
out excess liquor, with (b) a suitable aluminium 
salt, eg tbe acetate or formate Operation* 
(a) and (b) may be earned out m the reverse 
order In the case of woollen and worsted 
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mixture which, on subsequent heating, under 
goes polymerisation t n situ to a water insoluble 
compound Amongst these compounds axe 
mixtures of long chain aliphatic derivatives of 
urea, e g octadecylurea, with formaldehyde, 
which first form methylol condensates, e g 
C 19 H 37 NH CO NH CHj OH, and then, on 
subsequent heating, polymerise to yield com 
plex insoluble compounds Mixtures of mela 
mine, 

C NH. 

/ N. 

N N 

« 1 

H.N C CNH, 

and formaldehyde also yield finished effects 
fast to washing after heat hardening (c/ B P 
466015) Many other mixtures, which behave 
in a somewhat analogous manner, have been 
patented, but their uses in finishing textile 
fabrics are m the early stages of exploitation 
Flameprooung Cotton and Rayon Fabrics 
—It is well known that most textile fabrics are i 
liable to bum more or less quickly in air on 
application of heat, whereby the temperature 
rises to a point termed the ignition point Some 
times spontaneous ignition occurs owing to the 
presence on the fibres of thin films of semi 
drying vegetable oil, this phenomenon is due 
to auto oxidation induced by the presence of 
unsaturated carbon bonds in the oil molecules 
In general, those fibres which are free from 
natural impurities are more inflammable than 
raw fibres, whilst the physical form of the 
material is a determining factor m assessing the 
degree of inflammability Thus, cotton flan 
nelette, t e cotton cloth with a raised fluffy 
surface, is much more liable to take fire m 
presence of a flame than is a piece of ordinary 
cotton cloth Also, cellulose fibres take fire 
more readily and bum more rapidly than do 
protein fibres Methods of reducing this 
dangerous attribute of fibres have been in nse 
for generations The oldest method is to in 
corporate, euitable inorganic aalta with the finish 
ing paste or mixture applied to cloths before the 
diy finishing operations, or in cases of structures 
which need to remain soft and supple, e g fine 
cotton fabrics, rayon fabrics, etc , with solutions 
of inorganic salts alone Ordinary ammomum 
salts, t g ammonium chloride, phosphate and 
sulphate, have been in use as flameproofing 
agents for many decades, as also have borax, 
bone acid, dasodium hydrogen phosphate Simple 
impregnation of fibres with water soluble salts 
of the kind mentioned, followed by drying to 
remove excess water, yields a flameproof effect 
which, of course, is not permanent, t e it is not 
fast to washing, so that when fast to washing 
flameproof effects are required, it is customary to 
modify the process in order to bnng about the 
precipitation in the fibre of insoluble metallic 
salts or oxides, t g aluminium phosphate or sib 
cate, Btannous tungstate (from sodium tungstate 
and stannous chlonde), zinc compounds, etc 
Whichever method is adopted, the same initial 
procedure is adopted , the doth is impregnated 
on A padding machine with a solution of the sub 


stance or substances chosen, followed by drying 
If the deposition of an insoluble salt is required, 
the tieated doth is next impregnated with a 
water soluble salt containing a positive ion which 
is capable of interacting with the negative ion 
of the 6alt already present on the cloth, to 
produce the required product Thus, if the first 
salt is disodium hydrogen phosphate, the second 
may be aluminium acetate Cloth ’which has 
been treated with these salts is allowed to he 
for some time and then dried on steam heated 
drums If excess al umini um acetate is used, a 
final soaping of the cloth yields aluminium soap 
which helps to preserve the flameproof effect 
against repeated washing Mixtures of borax 
and bone acid give excellent results, but, in cases 
of dyed goods, it is necessary to use products 
that do not alter the shades Recently a very 
simple treatment, consisting in the use of solu 
tions of ammonium sulphamate, has been intro 
duced Over 100 000 yards of fabnc employed 
at the New York Fair, 1940, were flameproofed 
with this compound 

The substances enumerated are also suitable 
for flameproofing raj on fabrics An interesting 
development is the addition of flameproofing 
agents to the solutions used in “ spinning ” arti 
ficial fibres Several recent patent specifications 
dealing with the formation, in situ, of complex 
organic or semi organic condensates, appear to 
indicate the trend of much work being earned on 
in the search for a satisfactory flameproof finish 
for cellulosic matenals 

Crease Resisting Finished Effects — 
It is a matter of common observation that eellu 
losic fabrics tend to crease readily when non 
uniform layers of material are subjected to 
strain, moreover, the creases are not easily 
removed in contrast with analogous effects on 
wool and silk fabnes The latter, therefore, are 
said to possess the property of recovering more 
or less quickly from physical deformation, i e 
m companson with cellulosic fabnes, silk and 
wool structures exhibit the phenomon of elastio 
hysteresis only to a small extent The scientific 
explanation of this difference is intimately con 
netted with differences m moleenlas etmctnres 
which, m the case of cellulosic matenals, leads 
to a dissipation of some of the energy of defor 
mation (This aspect of the subject is best 
considered in connection with a study of modem 
viewB on the molecular structures of fibres ns 
deduced by specialist workers m organic 
chemistry and in X ray diffraction analyses) 
Practical methods of rendering cellulosic fabnes 
crease resistant m an economical manner began 
to attract the attention of textile chemists in 
I928(c/ aLsop 19Id), when certain patent specif! 
cations commonly known as the Tootal patents 
(c/ BP 291473, 291474, 304900, etc) were 
published These refer to the use of resinous 
urea and phenol formaldehyde partial con 
densates produced in situ on the cloth to be 
rendered crease resistant A large number of 
other substances and methods, designed to 
produce these effects as well as combined crease 
resistant and water repellant, etc , effects, have 
been patented during recent years, but the 
original process still appears to be the most 
widely used Since phenolic condensates tend 
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to give yellowish semi-brittle effects, it is the 
invariable practice now to use the urea -formalde- 
hyde process, which is carried out by impreg- 
nating cellulosic fabrics, preferably in a swollen 
or semi-swollen state with a solution containing 
urea and formaldehyde in presence of an acid 
catalyst followed by drying, cooling and finallv 
baking (condensation) at about 150 C C. Boric, 
tartaric, etc., acids may be used as catalysts. 
Thus, cotton cloth, which has been scorned with 
soda ash and soap, bleached with calcium hypo- 
chlorite solution, rinsed until free from residual 
chemicals and dried well, is impregnated on a 
padding machine with a solution containing 
20-30% of 40% formaldehyde, 10% of urea 
and 0-75% of tartaric acid, and excess liquor 
removed either by means of two small-diameter 
squeezing rollers or a suction hydro-extractor, 
dried as rapidly as possible, cooled, subjected 
to a heat treatment at 150-160 o C. for a short 
time, washed in hot soap liquor, rinsed well 
and dried. Combined crease-resistant and 
waterproof effects (cf. B.P. 413328) are obtained 
by first impregnating cloth with aluminium 
acetate solution, squeezing and heating; the 
cloth, which now contains aluminium hydroxide, 
is then treated, as already outlined above, with 
an initial condensate of resin components, soured, 
rinsed, dried, heated at 170°C. for two minutes, 
soaped, rinsed and dried. Viscose rayon which 
hns been treated in this way does not leave 
weals or edges if spotted with water, whereas 
ordinary viscose rayon leaves objectionable 
marks. Condensates of stcaramide and form- 
aldehyde and certain complex quaternary am- 
monium salts, etc., have also been suggested 
for the production of crease-resistant, spot- 
proof finished effects. 

Multiply Fabrics.— A few years ago a 
method of producing multiply fabrics by utilising 
cellulose acetate fibres as bonding agent was 
introduced. Shortly afterwards so-called “ Tru- 
bcniscd" collars, cuffs, etc., appeared in com- 
merce. In the original manufacture of multiply 
fabrics of this type, two layers of cotton cloth 
containing cellulose acetate rayon threads were 
placed one on top of the other and then ironed 
or calendered at about 20(FC. ; at this tempera- 
ture the cellulose acetate threads become sticky 
or resinous (owing to their thermoplastic 
property) and adhere tenaciously to the interior 
nnd adjacent threads of the superimposed 
fabrics so that a permanently bonded fabric is 
obtained. At a later period it was found that 
bonding could be achieved more efficiently by 
carrying it out in presence of liquid swelling 
agents for the cellulose ester ; in another modifi- 
cation, a thin film of cellulose acetate is inter- 
posed Iwtwccn two layers of cotton nnd bonding 
effected as described. Jinny other patent 
specifications relating to the production of 
multiply fabrics have been granted ; as a rale 
they refer to the uses of different thermoplastic 
compounds as bonding agents. One of the most 
promising methods is carried out by coating a 
fabric on one side with a solution of a synthetic 
resin, c.g. a solution of a polymer of methyl 
methacrylate in toluene. After drying to re- 
move toluene, the coated fabric may l>e stored 
until required. In actual manufacture of 


multiply fabrics from this material, layers of 
ordinary fabric are superimposed on one another 
with layers of the coated fabric between them 
and the whole hot-calendered to bind all the 
layers into one compact assembly. 

Aqueous emulsions of special synthetic resin 
polymers are also available now for use in the 
manufacture of multiply fabrics. 

Finishing Rayon Cloths. 

In considering the practice of finishing rayon 
cloths it is important first to note that the 
progress made in their construction during the 
last decade has resulted in the introduction of 
scores of differing fabric types as regular articles 
of commerce. For example, in addition to con- 
structions consisting of 100% viscose rayon, 
100% cellulose acetate and 100% cuprammonium 
rayon respectively, a large number of cloths 
containing (a) two kinds of rayon, (6) rayon nnd 
cotton, (c) rayon and silk, etc., are of great 
importance, as also are rayon fabrics woven 
partly, or entirely, from spun rayon, i.c. fine 
raw filament rayon which, after having been 
cut into short lengths and purified, etc., has been 
spun into yarn in an analogous manner to that 
used for spinning raw cotton. Apart from the 
nature of the fibres present in warp and weft 
yams used in weaving tho various fabrics, the 
physical forms of the yams and the constructions 
or weaves employed mainly determine the trade 
names given to the commercial types of fabric 
manufactured. Most rayon or mixed rayon 
fabrics are of the plain weave typo, the best 
known being termed twills, satins, chiffons, 
voiles, crepes, etc. Amongst the most important 
of these, at present, are the various kinds of 
crepe fabric, rayon-cotton linings, twills, etc. 

It is probably true to say that no type of 
fabric made from natural fibres demands the 
exercise of so much care in wet processing 
operations, as well as in the final finistiing 
operations, as do rayon goods. Even if the fact 
that modem rayon fabrics are of widely different 
constructions is ruled out, it has always to be 
home in mind that ordinary wet rayon is 
about 50% lower in strength than the dry fibre, 
whilst even a higher diminution in strength is 
shown by spun rayon when wet. All types of 
rnvon fabrics, therefore, arc very susceptible to 
deformation if subjected, while wet, to high 
strains and stresses, with the inevitable develop- 
ment of faults of a specific kind. Consequently, 
it is the general practice to use wet-processing 
machinery specially designed to impose as Iitll" 
strain aspossible ’on the fabrics during treat- 
ment. The main work of the rayon finidi'T i» 
usunllv directed towards the production of 
fabrics possessing sofiiK--. and good draping 
properties, although stiffness can b" c’-ily im- 
parted whenever required. 

* 190% ZViyo r Fch-ic '. — Fabrics of ope n 

construction and those made from loo-riv spun 
varn= are usually prove— -ed on jig- or padding 
machines. The pieces n f cloth, after laving 
l>ccn marked at odi end frr id- ntilVari -a pur- 
poses. are wound on to s’, 'IN or l-'im'. cere 
l>cin2 taken that no crea---- are intredorei; 
each lean) may contain re •. i ra ! hue ire : yard" 



of cloth If the warp threads contain starch 
(used in sizing them before weaving), the cloth 
is passed first through a weak solution of malt 
extract or other desizing neent at about I40°F 
and, if considered advisable, the cloth is allowed 
to stand for a short time so as to ensure con 
version of the starch into water soluble products 
The cloth is next washed in water and scoured 
m a boiling solution of soda asli and soap, 
washed again, dyed, rinsed, treated with a weak 
solution of a softening agent, hydro extracted in 
open width and dried , it is then dampened with 
steam, dried on a stentenng machine, passed 
through a Palmer machme(see p 201c)andfinally 
calendered on a light 3 bowl machine In the 
modem manufacture of 100% rayon fabric*, it 
is customary now to use gelatin instead of 
starch m sizing the warp threads , this type of 
size is readily removed in the scouring operation, 
or a preliminary treatment with a hot solution 
of a proteolytic enzymatic preparation may be 
carried out 

Other 100% viscose rayon flat goods, t g 
twills, taffetas, sateen*, etc , are prepared, dyed 
and finished in an analogous manner Fabrics 
of spun vi*co*e ravon (staple fibre) are usually 
treated m rope form dunng scouring and tfy eing, 
and ns starch is generally present on the warp 
thread*, n careful desizing treatment is essentiak 
As already mentioned, the pronounced weakness 
of wet goods containing viscose staple fibre 
demands that they should receive the minimum 
amount of handling Slow drying and not too 
much tension during stentenng of the hydro 
extracted cloth result in the development of 
excellent finished effects 

T ismse Rayon-Cotton Fabrics — Manv fabrics 
of this type, eg so called “ alpacas,” warp 
striped (ravon) poplins, warp and weft striped 
(ray on) shirting*, etc , were formerly scoured, 
etc , in rope form with 3°Tw soda ash solution 
and 2% soap m kiera at 1S0-200°F for 5-G hours 
In modem scouring practice, however, it is 
customary to earrv out the process continuously 
in batteries of machines designed to draw the 
cloth in slack form through the scouring liquor 
contained in boxes, above which are oval 
ahniptii TM-Vs, an lit Yu ■vu’ujvi.Y b, Yu uhvrmftVnfi 
squeezing between rubber covered rollers The 
cloth is singed first, then desized and passed I 
through hot water contained in the first box 
of the machine , it is next drawn over a reel, 
squeezed between rollers and entered into 
scouring liquor (second box) consisting of about 
1 5% soda ash and 2% soap (on the weight of 
the cloth), together with a small amount of an 
emulsified solvent Fresh scounng liquor is 
added regularly from a stock supply tank, 
after passing over the second reel, the cloth is 
squeezed again and drawn forward through 
another scounng bquor contained in the third 
box, squeezed and so on , the third and fourth 
boxes contain hot and col 1 water, respectively 
Finally, the cloth is scutched (opened out), ! 
mangled (squeezed between a pair of roller*, 
one of which 19 brass and the other covered with 
rubber), and dned on steam heated cylinders 
If desired, the cloth is then impregnated with a 
weak solution of a softening agent, squeezed 
welk dned and stretched on a etenter, passed 


through a Falmer finishing machine (see p 201c) 
and lightly calendered Many variations of this 
procedure are used to suit the different types 
of fabrics or to utilise evi ting plant, installed 
m the works 

Union Linings containing Rayon — These 
ore usually woven with a vi-cose ravon warp 
and a cotton weft, or they mav be mado of 
100% cellulose acetate rayon Linings are 
commonly wet proce* ed m open width , those 
consisting of viscose rayon and cotton undergo 
treatment similar to that described in the pre- 
ceding paragraphs 

100% Cellulose Acetate Rayon Cloths — Flat 
cloths, e g sat ms, taffetas, linings, etc , are 
often processed as follows 

IxsrEcnON, Sewing avd Beaming — The 
cloth is first examined for obvious defects, e g 
tear*, stains, etc , an end cloth, a few x ards 
long, is then «ewn to one end of the first piece 
of doth , the end of the latter is next sewn to 
the upper end of the second piece, and *0 on, 
until the requisite number of pieces for collective 
treatment have been assembled , finally, an 
end cloth is sewn on to the end of the last piece 
of cloth m the assembly Tlie first end cloth 
is then wrapped round the wooden shell of a 
beaming machine and the machine set m motion 
As the doth is slowlv and very carefully wound 
on to the shell it is examined for defects which 
are noted carefully for future reference The 
batched, rolled or beamed doth must be free 
from creases , m *ome cases it is beat to re wind 
the doth on to a second shell or beam so a* 
to ensure freedom from creases nnd to make 
the selvedges at the sides of the beam perfectly 
even 

Scouring or Boiling Off — Tho beam is 
placed on a jig and the doth on it draun through 
cold water contained in the trough of the jig 
and beamed on another shell on the opposite side 
of the jig, m this operation particular care is 
exercised in the judicious u«e of expander bars 
in order to make sure that all crease* are 
eliminated Light weight doth is then drawn 
through a solution (about j° 0 concentration) of 
a suitable commercial enzyme preparation at 
’iVifr , iniii wuuiiii tm Yu Y’ltb 715 vllnsi, YVb 
operation being repeated about four times , one 
passage through the liquor of the whole of tho 
doth is termed an “ end A solution of good 
quality soap, usually with addition of a higher 
fatty alcohol sulphate, so as to give a soap con 
centration of about 1% and }% fatty alcohol 
sulphate, respectively , 19 then added to the bath 
The doth is passed through the liquor at about 
I20-140 3 F for 4-6 ends, the bquor discharged 
and the doth nn*ed in warm water, when it is 
ready for dyeing The scounng liquor in 
gradients are vnned from time to time according 
to the nature of the doth to be processed Thti*, 
an emubion of xylene with Turkey red oil nnd 
soap is often u«ed for light good*, especially 
when they have to be bleached, the treatment 
m snch cases may begin nt a low temperature 
(the dcsizing bquor having been discharged) 
and gradually increased to not higher than 
1S0°F for bnght finished, nnd 200°! for dull 
Iostre. goods Bleaching, if needed H earned 
out by passing the doth for 6 ends at ordinary 
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and it needs to be deposited within the fibres, 
•whereas m the production of a non sbp resin 
finish, about 1% resin gives satisfactory 
results, since its purpose 13 merely to act as a 
bonding material for the warp and weft threads 
at their surfaces only The most suitable resin 
to use appears to be a urea formaldehyde con 
densate, hut other substances capable of bonding 
the fibre surfaces can be used The dry cloth 
(scoured, bleached and/or dyed) is impregnated 
with the “ resin ” solution, squeezed, stretched 
and dried on a stenter at the required width and 
finally heated at a high temperature The 
finished effect should prevent the fibres from 
fraying and should be fast to repeated washing, 
dry cleaning and hot pressing The resin treat 
ment may be extended, in certain cases, to set 
or stabilise the fibres in fabrics Thus, fabrics 
made from staple fibre tend easily to stretch, 
sag and shrink in use, but if they are treated 
with a ream solution (equivalent to lJ-2% resin 
on the weight of the cloth) and the resin “ cured’ 
as outlined above, they become not only resistant 
to abrasion, but are stabilised against the 
defects enumerated above 

When the resin has been * cured,” the fabrics 
may be subjected to other finishing operations 
in order to subdue the slightly harsh ‘ handle ’ 
that may be caused by its presence Resin 
finished effects may also be produced on other 
kinds of fabrics 

Delustrivq or Mattino Processes —In the 
early days of the rayon industry, the usual 
finished effect on rayon fabrics was of a lustrous 
type In some cases, e g viscose rayon fabrics, 
the finished effect was often described as having 
a metallic lustre which, in addition to the fact 
that such an appearance envisaged the lack of 
warmth, inevitably led to the view that it did 
not accord with aesthetic principles as applied 
to articles of dress 

Hence, after the early period of development 
in the rayon industry, there arose an insistent 
demand for fabrics exhibiting subdued lustre, 
» t. a lustre more approaching that of, or even 
considerably less than that commonly exhibited 
by silk goods At first 4 it was customary, as is 
often the case now, to matt or delustre rayon 
fabrics during the finishing process, but rayon 
manufacturers also gradually modified their 
“ spinning ” technique so that, to day, yams 
of widely differing degrees of lustre can be 
purchased for weaving or knitting purposes (see 
Fibres Artificial, this V ol , p 12Sb) 

Delustrmg or matting lustrous fabrics may 
be accomplished in various ways Thus, the 
lustre of ordinary cellnlose acetate rayon fabrics 
is considerably reduced if the fabrics are treated, 
without tension, with boding soap solution for 
some time The dulling effect, in this case, is 
accelerated by the presence of a little phenol, 
but it is essential to maintain the p B of the 
bath within narrow limits , dulling is inh ibited 
if the material is treated while m a stretched 
condition Conversely , the dull effect, obtained 
as indicated, reverts to the lustrous type if the 
fabric is dn steamed or heated under pressure 
in presence of a swelling agent 

The readiness with which cellulose acetate 
rayon fabrics are delustred depends to a con 


siderable extent on the actual manufacturing 
process used in making the yams Thus, if 
certain substances, e g alkyl esters of higher 
fatty acids, are present in the s pinnin g dope, the 
resultant dry spun threads quickly acquire a 
uniform delustred appearance when treated in 
hot soap solution, a similar, but more pro 
nounced, effect occurs if titanium oxide is dis 
persed in the sp innin g dope Many other 
substances have been advocated for addition 
to the dope so as to obtain delustred filaments 
directly on “ spinning ” When cellulose acetate 
yams having different physical properties are 
present in a fabric, it is possible to obtam um 
form dull finished effects by subjecting the fabric 
to a preliminary oxidising action with dilute 
hydrogen peroxide followed by the usual hot 
soap treatment 

Lustrous viscose- rayon fabrics are often matted 
during the finishing process by impregnating 
them with an aqueous dispersion of china clay, 
zinc oxide, titanium oxide, etc , previously 
emulsified with soap, glue, etc Permanently 
dull effects are obtained on both viscose and 
cellulose acetate rayon fabrics by treatment with 
a solution of a suitable sihcofluoride in such a 
way as to induce the deposition, by hydrolysis, 
of silicic acid, which is partly dehydrated on 
drying 

One of the most interesting problems con 
cemed with delustnng methods applicable to 
cellulose acetate rayon goods is due to the 
difficulty of obtaining satisfactory results on 
fabrics dyed in dark shades, especially blacks 
and dark blues If, for example, an ordinaiy 
fabnc which has been matted with hot soap 
solution is dyed a deep black, a large number 
of dye particles are deposited on the surfaces 
of the fibres and it is possible that the porons 
structure apparently developed by the delustring 
operation 13 thereby “ filled up, thus restoring 
the lustre 

Fraisni'.o Cr£pe Fabrics — Fabrics showing 
crepe or raised pebble effects and made from 
I natural fibres, especially silk, have been known 
[for several decades, but it is only within the 
j last 10-12 years that rayon crepe fabrics have 
Been developed' to sued an extent that ttiey rank 
now as highly popular fabrics for the dress goods 
trade, whilst they are finding increased use as 
furnishing fabrics 

In order to understand the principles involved 
m finishing crepe fabrics, it is necessary first to 
consider certain points relating to their manu 
facture It is a matter of common observation 
that if a dry string or a senes of parallel strings 
is twisted about its longitudinal axis, it tends 
to untwist as soon as the twisting force is 
removed , if it is wetted out thoroughly, while 
held in the twisted state, however, the in 
dividual filaments swell and, on removing ten 
sion, untwisting begins and proceeds to a greater 
extent than m the case of twisted diy fibres 

In the manufacture of crepe fabrics, highly 
twisted yam is generally used for the weft and 
a low twist yam for the warp The torsional 
energy introduced into the weft, or crepe yarn, 
during throwing (twisting) remains quiescent 
as long as the fabric 13 kept in the drv state, 
if it is wptted, however, as in the initial finishing 
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semi full width form This machine is often 
divided into senes of compartments above which 
are placed revolving elliptical shaped reels , 
each section of the machine is used for a specific 
purpose, eg (a) scouring at about 180°F, 
(6) second scouring m clean liquor at a slightly 
lower temperature, (c) rinsing m hot water, 
(<f) rinsing m warm and (e) cold water Usually 
the liquor m each section is caused to circulate 
in the same direction as the cloth, while the 
latter moves progressively from dirty towards 
clean scounng liquor and finally to hot and cold 
water After scouring, the cloth is separated at 
the sewn ends and is ready for bleaching and/or 
dyeing and dry finishing 
A typical creping liquor contains the following 
ingredients w the respective concentrations 
1 % good quality oil soap, soda ash, 

J(~J% sulphated fatty alcohol and wetting 
out agent , a typical scouring liquor contains 
$% good quality soap, tnbasic sodium phos 
phate and b~i% sulphated fatty alcohol 
Sufficient amounts of these substances are added 
from time to time to maintain their scounng 
efficiency and requisite p H but ultimately the 
baths become so dirty that they have to be 
replaced by fresh liquors 
Bleaching and Dry Finishing — Goods to 
be finished white or which have to he dyed in 
delicate shades, are usually bleached Im 
mediately after crSping, therefore, the cloth is 
scoured again with soap at about ISIFF for 
30 minutes, rinsed well and cooled slowly It 
is next bleached with sodium hypochlorite or 
hydrogen peroxide aa descnbed on p 201a m 
connection with the finishing of 100% cellulose 
acetate rayon goods, and tinted in a fresh liquor 
containing a little of a mixture of a dye for 
cellulose acetate rayon and Acid Violet, 4BN, 
for the Viscose rayon weft The last senes of 
operations, which is often known collectively as 
dry finishing, includes the following — Hydro 
extracting , opening out of the cloth to its full 
width and sewing the pieces together, drying 
on a slack or loop drying machine , first stenter 
mg, or framing, operation to impart initial width 
to the cloth (the cloth is passed over a steaming 
roller before it is stretched so as to simplify the 
operation and to remove creases) , impregnating 
with a warm or hot solution of a sulphonated oil 
(or with a mixture of the latter and an emulsified 
synthetic resin m the case of fairly heavy crSpes 
which need to possess a permanent finished effect 
with a soft handle) on a padding mangle followed 
by squeezing , drying , stentenng or framing to 
requisite finished width , calendering (this opera 
tion is usually needed for cloth which has been 
impregnated with a solution containing modified 
starch, gum, etc ) " Decatising,” which is some 
times substituted for calendering, tends to 
eliminate many of the defects, e g too much 
lustre, harsh feel, non uniform pebble effect, 
etc , that develop in previous operations It 
is earned out as follows — About 300-500 yards 
of fabnc are wound, in contact with a blanket 
interlay, on to a perforated cloth covered drum 
High pressure steam is caused to pass no the 
drum and its perforations through the layers of 
material for a short time , as a result, the fibres 
become turgescent and, consequently, more 


easily mouldable, and this phenomenon com 
brned with the pressure of the blanket inter 
lining tends to reduce gloss and give a more 
uniform pebble effect When the steam supply 
is shut off, a partial vacuum is formed m the 
drum whereby cool air is sucked through the 
layers of cloth and excess moisture (from con 
densed steam) removed, but, at the same time, 
sufficient moisture is left in the cloth to yield 
conditioned material fully equal to that which 
has been conditioned in air Finally, the fabrics 
are inspected measured and made up into rolls, 
etc , for sale 

FINISHING OF WOOLLEN AND 
WORSTED FABRICS —The term ‘'finish 
mg ’ broadly applies to processes earned out 
on fabrics subsequent to weaving, and ter 
mmatmg with complete fitness for use Prior 
to the present century it was almost entirely 
empirical, a system of operations dei eloped 
from practical arts originated by trial and error 
tempered by observation and experience Only 
in recent years has it received theoretical atten 
tion To some extent it is now possible to 
develop its methods from a basis of scientific 
principle and, for this purpose, account must be 
taken of the intrinsic properties of the raw 
material — wool substance and fibre — and there 
after the principles of physics, chemistry and 
engineering are involved 

The wool fibre belongs to the animal textile 
fibres and is unique in its totahty of properties 
Keratin, the particular sclero protein of wool 
yields as the most characteristic degradation 
product cystine, distinguished by its sulphur 
content The protein molecules, as investigated 
by X ray analysis, are assembled into elongated 
micellar chains cohering laterally through their 
side chains, the cystine linkage being the mo9fc 
characteristic of these Physically these chemical 
protein micelles are aggregated into fi brill*, the 
main microscopical basis of the wool fibre this 
fibrillar bundle is surrounded by the layer of 
scales whose points seen edgewise are the familiar 
“serrations.” another uniaue feature of wool 
The fibres in the fleece form rough irregular 
helices and are wavy or cnmpled along their 
length Their dimensions may vary from 1 to 10 
in mlength, andfrom ji^to^^yin indiameter, 
very approximately In the broad physical 
aspect, wool is a masB of filaments and it is also 
a typical colloid, showing marked swelling 
property in water and chemical solutions to 
gether with the special elasticity phenomena 
characteristic of colloid substances To these 
particular chemical and physical features the 
special technical operations applied m spinning, 
weaving dyeing and finishing must be adapted 

Subsequent to certain preliminary work such 
as mending, burling perching, etc , the finishing 
routines on piece goods may be classified into 
wet and dry processes 

Wet Operations — Crabbing or greasy blow- 
ing, sconnng, piece carbonising, milling in 
soap, acid or “ in the grease ” , boding or 
potting , piece dyeing or bleaching , mechanical 
drying, e g by mangle or centrifuge , heat dry- 
ing. t g tentenng, waterproofing, weighting, 
shrinking 
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in a special evacuated receiver as chlorine gas 
(Wool Ind Res Assoc , B P 417719) A novel 
shrinking process uses sulphuryl chloride (Hall, 
Hosiery Times, 1937, 11, No 99, 22, 25) 

The Milling, Fulling or Felting of Wool 
— This characteristic phenomenon is the founds 
tion of many finishing methods applied to wool 
goods and its rationale is still a matter of acute 
controversy The terms milling and fulling are 
properly names of operations, the word “ felt 
mg ” being really descriptive of the interlacing 
or entanglement of wool fibres which is the 
essential feature Actually, “ felts ” may be 
composed of other filaments, and in practice 
structures mainly compounded of fibres other 
than wool — for example jute — are so described 
But the wool fibre felts so readily and produces 
masses of so much greater density and elastic 
strength, that it is necessary to discuss the special 
factors responsible for this Youatt s century old 
speculation that the scales, by their projecting 
edges, caused an interlocking, leading to felting, 
can hardly be accepted to day, but variations 
ascnbmg special ‘ fibre travel ’ effects to this 
feature are still put forward It must not be 
forgotten that the wool fibre has at least half a 
dozen unique features spirahty, enmpmess, 
scale structure, exceptional elastic strength, high 
swelling property, etc , all of which enter into 
and facilitate the formation of felted masses 
Any type of mechanical stress — tensile, bend 
ing, torsion and, m particular, compression will 
lead to the entanglement of filaments in 
practice, impact compression is used in the older 
stocks, and rolling pressure in the more generally 
used roller milling machine Felting stresses in 
practice produce a porosity m the fabric — ratio 
of wool substance to total volume — of the order 
of approximately one third as a maximum , 
torsional stresses in yarn manufacture exceed 
this, attaining more nearly one half Practical 
milling Operations are earned out m acid or 
alkaline solutions or in soap, the essential factor 
apparently being the marked swelling of the 
wool tissue , the loss of rigidity then permitting 
mechanical strains without breakage On dry 
mg out, the elastic properties of the normal 
wool colloid are regained All these considera 
tions point directly to the mechanical factor 
as the primary basis of felting, and felting should 
be studied with masses of wool, where the 
phenomenon is exhibited in a typical form 
and the complications added by spinning and 
weaving are absent In technical practice the 
progress and extent of the milling operation are 
measured by shrinkage, usually width shrink 
age, this is sufficient for practical purposes 
but is fallacious as a research method The 
felting action could be — and in many cases 
is — marked by the relaxation shrinkages due 
to the release of strains from the spinning and 
weaving operations It is therefore evident that 
future progress in cloth milling must come from 
the mechanical side At present, pieces are 
milled either individually or in small numbers 
the operation is in practice discontinuous and 
involves much tedious and costly hand work 
But it is essential both in itself and as a basis 
for raised and other finishes, especially on the 
woollen side of the industry 


Other Mechanical Processes — The pnn 
cipal of these are (i) Shearing, (u) Raising, (m) 
Pressing 

( 1 ) Shearing, Cutting or Cropping — This 
is the most purely mechanical of the finishing 
operations and being conducted on the dry cloth 
involves neither physical nor chemical pnn 
ciples Judged from an engineering standpoint, 
the machinery is the most accurate of all finish 
mg plant cutting machines may be adjusted 
to a few hundredths of an inch All the wet 
operations performed on wool fabrics dis 
entangle loose fibres and, particularly on 
worsted goods, these must be removed All 
degrees of “ clear finish ” are carried oat in 
practice Modem shearing plant tends to the 
use of multiple machines, as many as six blades 
being fitted into one machine hut the three blade 
type is perhaps the most generally useful Certain 
modifications in the bed, blade, etc , enable fancy 
patterns, t g geometrical and floral effects, to be 
produced by local removal or retention of the 
pile, such materials, which have an occasional 
or recurring vogue, are known as imitation 
Jacquards, fancy velours, etc 

(u) The Raising Process — This is his 
torically one of the oldest of finishing operations 
Following upon a fulling operation effected by 
trampling the cloth, it was practised in Roman 
times by the use of the familiar teazle This 
traditional appliance is still employed for certain 
special finishes, e g the dress face pile upon 
bilhard cloths, etc But the bulk of modem 
raising is performed by raising plant of the wire 
card type, developed m a practical form in the 
eighties by Grosselm, this method permits of 
more powerful action with much increased out 
put Raising is one of the characteristic opera 
tions on wool materials the fluffy nap, pile or 
cover associated with woollen fabnea is one of 
the chief factors m the non conducting warmth 
promoting properties of such goods 

(ui) The Pressing Process — This is prac 
tised on wool fabrics for reasons almost entirely 
aesthetic, very few changes resulting xn physical 
or mechanical properties In either static or 
dynamical forms, it nearly always employs the 
hydraulic principle If considerations of output 
demand, then pressing by rollers — the equivalent 
of calendering in the cotton industry — is em 
ploj ed But the general predominance of raised 
or pile finishes in the wool industry precludes a 
too extensive use of pressing The older manual 
operations displayed in the fixed hydraulic 
paper press are now very largely superseded 
Automatic papering and feeding, electric heat- 
ing, full width pressing and many other recent 
improvements have displaced the hand worker 

Humidity in Wool Goods Finis hinq — 
The colloid properties of the wool fibre are funda 
mental m its practical utilisation In addition 
to the wet treatment already described most 
finishing processes involve the special moisture 
relations of wool substance Following on the 
scouring and milling operations, it is necessary 
to dry the fabric under definite conditions of 
width and length. This is effected by two 
processes — 

(1) Tenterlng — In the special case of 
blankets the old system of drying “ in the fields ” 
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quoted by H Ries, 190S {also SO s , 0 35%) 
(For a large senes of analyses of Bntish and 
foreign fire clays, v Percy s Metallurgy Fuel, 
1875, 87 ) 

The celebrated fire clay of Stourbndge in 
Worcestershire is remarkable for the small 
amount of contraction that it undergoes when 
fixed, the shrinkage of the unrefined clay being 
in some cases as low as 1% For the purpose 
of reducing shrinkage, fire clay is often mixed 
with * grog,’ t e burnt fire clay, which has also 
the effect of giving sufficient porosity to the 
fire bricks to enable them to withstand sudden 
changes of temperature A greater degree of 
porosity, with correspondingly less strength, 
required m the fire bricks of household stoves, 
is often produced by mixing sawdust with the 
clay 

A fire clay occurring in the Mills tone Grit 
series at Glenboig in Lanarkshire, has been 
examined by J \Y Gregory and D P Me 
Donald (Proc Roy Soc Edin 1910, 30, 348, 
374), who find that the fine grained clay sub 
stance forming the bulk of the material is 
present as minute rounded granules about 
0 001 mm m diameter , this is amorphous and 
not crystalline, and is referable to the mineral 
species halloysite rather than to Laolraite 
Embedded in it are abundant grams of quartz, 
some grains of felspar, and minute crystals of a 
rhombohedral carbonate referred to 6idero 
plesite (a variety of chalvbite) A bauxitic day 
from Kilwinning, Ayrshire, contains boehmite 
and diaspore (J de Lapparent, Bull Soc Fran? 
Min 1935,58,246, Sum Progr Geol Survey, 
Great Britain, for 1934, 1936, pt 2, 1) 

Bibliography — H Ries, “ Clays, their Occur 
rence, Properties, and U«es,” 3rd ed New York, 
1927 , A B Searle, “ Chemistry and Physics of 
Clays” 2nd ed London, 1933, A B Searle, 
“ Refractory Materials,” 3rd ed London, 1940 
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FIRE EXTINCTION AND PREVEN- 
TION — Combustion, as it exists in ordinary 
cases of fire, is due to the rapid combination of 
the burning material with the oxygen of the air 
at temperatures above the ignition point It 
may be extinguished either by lowering the 
temperature of the burning mass below the 
point necessary for the continuance of the 
combustion, or by cutting off the access of air, 
and so depriving the combustion of the oxygen 
which is essential for its support 

The usual method adopted for extinguishing 
a fire is to pour on to the blazing material a large 
volume of water, and this acts partly by render 
ing heat latent in its evaporation, and so cooling 
down the burning mass, and partly by the steam 
generated driving back the air and so giving 
time for the cooling action to take effect 

The force with which the water is thrown 
upon the burning body also produces a con 
sidcrable effect by sweeping the flame from the 
surface and so extinguishing the burning 
gaseous products 

Although, m round figures, 1 lb of well-dried 
wood on combustion will convert about 5 lb 
of water into steam, yet in the early stages of 
re it is only the surface of the wood that is 


burning, so that the 5 lb of water will have a 
useful effect over a considerable surface, whilst 
the steam generated occupies a volume about 
1,700 times that of the water used 

In the use of water, a certain amount of 
discretion is necessary, as otherwise undesired 
results may follow For instance, in a big 
warehouse fire, the lower portion soon becomes 
a mass of red hot carbonaceous matter, and if 
water is recklessly played into this, the water 
is almost instantly turned mto steam, which is 
decomposed m passing through the surrounding 
red hot carbon, forming a mixture of hydrogen 
and carbon monoxide, known as “ water gas ” 
This gas is inflammable, and bv ita combustion 
adds to the general blaze, while, if it escapes 
being ignited, it may collect under ceilings and 
roofs, where, mixin g with air, it forms a highly 
explosive mixture liable to be ignited by any 
chance flame or spark. 

If, however, the water is directed on to the 
top of the mass, the carbonaceous matter is 
cooled downwards, so that the steam evolved 
does not pass through the glowmg carbon, and 
there is thus the minimum generation of in 
flammable products 

The supply of water necessary for fire ex 
tinguishing is usually derived from hydrants, 
fixed to street mains, which also supply water 
for domestic, sanitary, and manufacturing 
purposes 

A sufficient pressure is usually available from 
such sources of supply as to enable jets of water, 
distributed through flexible hose pipes, to reach 
to the seat of the fire 

Where such pressure is inadequate, it is aug 
mented by portable pumping apparatus forming 
part of the equipment of fire brigades 

No system of fire protection can be con 
sidered adequate that does not ensure a constant 
supply of water under pressure at all hours of 
the day and night 

Automatic fire protection for the interior of 
buildings can be secured by the provision of a 
series of sprinklers suitably situated and attached 
to a pressure water jirping system The orifices 
of the sprinklers are closed by a sealing device 
secured by a metal fusible at a temperature 
approximately 155°F As soon as such a 
temperature arises due to the heat of conflagra 
tion the sealing device collapses and water is 
distributed over the area desired 
The increasing use of oil products throughout 
the world calls for entirely special methods of 
extinction Buited to the heavy risks involved * 

It has been found possible to extinguish 
burning oil, by bombarding the burning surface 
with water under pressure in a finely divided 
state, the particles of water in contact with the 
burning material forming a temporary but 
incombustible emulsion Petrol, however, can 
not be dealt with successfully in this manner 
The practice most generally adopted for the 
protection of oil and petrol storage tanks is the 
application of a foaming substance containing 
carbonic acid gas, to the surface of the oiL The 
first reference to such a substance amongst 
English patent records is that contained in 
B P 18357 of 1906 to A G Laurent of Pctro- 
grad 
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cylinders having capacities up to 100 lb weight 
Such a quantity when expanded into tho 
atmosphere represents approximately 900 cu ft 
of gas at atmospheric pressure As many 
cylinders can bo employed ns tlio cubic capacity 
of tho fire risk area necessitates 
Normal air when diluted with approximately 
25-30% of carbon dioxide at atmospheric 
pressure will not support combustion, and under 
tho regulations laid down by tho International 
Convention for the Safety of Life at Sea, 1929, 
Buch concentration is called for in connection 
with tho firo protection of cargo spaces of 
passenger carrying shins I or these purposes 
tho gas Bhould ho released from its storage 
cylinders as quickly os possible, and tho orifices 
of tho cylinders and the piping leading there 
from should bo so proportioned as to allow of 
this result being obtained without any tendency 
for such orifices to becomo obstructed by 
frozen particles through tho rapid expansion of 
tho gas from its liquid state 
To secure rapid distribution a variety of 
methods nro in practico for tho control of tho 
cylinder valves cither at closo quarters or from 
a distance Tho method most generally in uso 
is tho perforation of a metal diso closing tho 
valve onfico cither through a hand or mecliam 
cally operated lover Distant and automatic 
control of distribution eon bo obtained by 
thermostat devices 

A carbon dioxido equipment is usually 
earned on nutomobilo apparatus, for uso in 
aerodromes to deal w ith fires on crashed aircraft 
or in tbo hangars By tho instant release of a 
sufficient quantity of gas distributed through a 
iloxiblo lioso pipo it lias been found possiblo 
temporarily to produco such conditions in tho 
area of tho flaming piano ns to allow tho approach 
of a rescue squad to release personnel in 
jeopardy 

Carbon dioxido firo extinguishers are mado in 
a variety of portable forms having cylinders un 
to 12 lb capacity for manual use, or with 
cylinders of capacities up to 40 lb for fixing on 
w.lwiWJ -SwA 1 .axe *y 

tremely useful in dealing with small fires m 
enclosed spaces, especially thoso involving 
burning oil with a surfaco combustion and those 
caused by dcfcotivo insulation of clectno 
currents 

What is generally known ns tho “ Chemical 
Extinguisher 1 Is largely used for dealing with 
firo in its earliest stage It consists of a metal 
cylinder of a capacity approximating to 2 gallons 
containing a solution of sodium 1 icarbonato in 
water and an hermetically sealed gloss tubo 
containing sulphuric acid of a spec tbo gravity 
1 8 

Through tho fracture of tho tubo by internal 
means a chemical reaction is obtained, by which 
CO, gas at a sufficient pressuro ejects tho 
contents of the cylinder through a distributing 
nozzle 

Tho CO, gas is rapidly dissipated into tho 
atmosphere and has little or no effect on tho fire, 
tbo valuo of tho apt banco being a readv source 
of water supply under pressure 
By the substitution of a solution of aluminium 
sulphate for sulphuric acid and the addition of 


a stabiliser to the soda solution the chemical 
extinguisher can bo made to generate foam 
A chemical extinguisher to meet official require 
ments should ho constructed in accordance with 
tho specification of tho British Standards 
Institute 

A pail of water with a hand operated pump for 
its distribution over tho area involved has been 
found in practice to bo the sunniest and most 
eftoctivo appliance for extinguishing firo in its 
earliest Btogcs 

llio most completo handbook dealing with the 
above subject is tho “ Croshy.risko Forster 
Hand Book of Firo Protection,’ 1 published by 
the National Firo Protection Association, 
Boston, USA 
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FIREPROOFING OF FABRICS 

Tho term ” firoproofiug ” as applied to fabrics 
is not used in tho dictionary sense It implies a 
treatment with suitablo deposits which render 
tho fabric mcapablo of propagating flame Such 
a fabric chars when brought into contact with 
an igniting source, and tho gaseous deeom 
position products thus generated may burn on 
tho surfaco, but flamo is not propagated beyond 
the charred area I ireproofing may thus reduce 
firo risks v ory considerably sinco tho fabrio does 
not then assist in tho spreading of flame 

A treatment which prevents flamo props ga 
tion may not necessarily prevent smouldering 
or afterglow of fabric This may persist after 
tho igniting flaiuo has been removed and tho 
whole of tho fabric may be destroyed by flame 
less combustion Tho greatest degree of safety 
from firo risks is therefbro obtained by using a 
process which, besides preventing flame propaga 
tion, also provents afterglow, or m other words, 
possesses both fireproofing and glowproofing 
properties 

Although a wide variety of fireproofing treat 
ments nro known, employing single substances 
or mixtures of various degrees of complexity, 
tlioy may bo classified into two types the 
Temporary or Solublo Ty po which is removed by 
sxm&Mt- .vjJ.b ircaky, .c.ud Abe JbvivvvMMWd- sir 
Insoluble Tvpo winch is intended for uso on 
fabrics which nro to bo exposed in tho open or 
are required to retain their fireproofness after 
washing 

Relative inflammability of futile materials — A 
strip of untreated cotton fabric suspended 
vertically and ignited nt its lower edge bums 
with increasing rapidity until tho whole strip is 
consumed Attor tho passago of tlio flamo a 
black mass still possessing tho fabric structure is 
left, which glows at tlio edges Tho glow 
gradually travels across tho strip leaving a black 
gossamer ribbon containing only a trace of 
carbonaceous matter Tho rato of fiaruo 
propagation depends on tho width of tho strip 
and on tho weight and closeness of wcavo of the 
material 

A strip of 4 oz /sq yd aero cotton 3 ft long and 
0 in wide, when ignited at its lower edge, burns 
tho last 2 ft at tho mean rate of alxiut 1 ft 
in 4 seconds 

Linen, hemp and jute fabrics bchavo similarly 
to cotton but tho rato of flame propagation i* 
slower 
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have been published which employ organic 
substances such as chlorinated naphthalenes, 
halogen substitution products of carbocyclic 
compounds and alkyl amine salts of inorganic 
acids 18 

Temporary Fireproofers 

The simplest and cheapest way of fire 
proofing fabric is to immerse it in an aqueous 
solution of a suitable soluble salt The fabric 
is then wrung out and dried Many suitable 
salts are available Such processes are fox use 
only on fabrics which are not exposed in the 
open or laundered 

Single Substances — A classification of a 
number of soluble substances in accordance 


with their fireproofing properties has been made 
and is given below This is based on the vertical 
strip method of evaluation detailed above In 
this classification substances are described as— 
A Fireproofers and glowproofers 
B Fireproofers 
C Non effectives 

The minimum quantities of the substances in 
Classes A and B, expressed as percentage weight 
of the fabric, required to prevent flame propaga 
tion of a 4 02 aero cotton are given Substances 
are regarded as non effectives, Class C, if they 
do not prevent flame propagation when present 
m amounts greater than 70% of the weight of 
the fabric 


Classification of Soluble Deposits 


A 

Wt 

% 

B 

Wt 

% 

C 

Ammonium borate 

24 

Ammonium vanadate 

9 


Ammonium bromide 

7 

Arsenic acid 

20 

Ammonium carbonate 

Ammonium chloride 

22 

Lithium hydroxide 

5 


Ammonium iodide 

14 

Potassium carbonate 

16 


Ammonium molybdate 

7 

Potassium hydroxide 

8 

Bone acid 

Ammonium phosphate 

12 

Potassium nitrate 

13 


Ammonium sulphate 

18 

Potassium permanganate 

22 


Borax 

60 

Potassium phosphate 

27 

Microcoamic salt 

Calcium chloride 

14 

Potassium dihydrogen 


Potassium alum 

Guanidine phosphate 

19 

phosphate 

30 

Potassium hydrogen 

Magnesium chloride 

16 

Potassium thiocyanate 

25 

phosphate 

Phosphoric acid 

10 

Sodium bicarbonate 

23 

Potassium ethyl sulphate 


19 

Sodium carbonate 

12 


Sodium arsenate 

33 

Sodium hydroxide 

10 

Sodium dihydrogen phos 

Sodium bisulpbate 

30 

Sodium molybdate 

6 

phato 

Sodium silicate 

20 

Sodium phosphate 

20 

Sodium hydrogen phos 

Sodium stannate 

18 

Sodium selenite 

36 


Sodium tungstate 

9 

Sodium vanadate 

2} 

Sodium sulphate 

Zmc chloride 




Sodium thiosulphate 


Many of the substances in Class A have been 
and are still extensively used for fireproofing 
Ammonium bromide, ammonium sulphate, 
ammonium phosphate and sodium tungstate 
may be singled out as fireproofers readily 
procurable and of high efficiency 
Effect on the Strength of Fabric —The early ; 
observers Versmann and Oppenheim® and 
Keghel 1 * found that many substances used for 
fireproofing had a destructive action on fabric 
Sibley 11 boiled pieces of light and heavy duck 
in solutions of various fireproofers and deter 
mined the breaking strength In most cases 
considerable tendering occurred, sodium tung 
state having the least effect The results of 
tests by Ramsbottom andSnoad 1 on the changes 
in strength of a 4 oz aero cotton proofed with 
various substances (1) when kept m a room at 
ordinary temperatures {2) exposed to sunlight 
under glass and (3) heated to 120°C , are given 
in tho table in the next column 
Although at ordinary temperatures no 
appreciable deterioration occurred with any of 
the deposits, exjiosure to sunlight or elevated 
temperatures caused, in most cases, a con 
•iderable loss in strength From these results 
it may be concluded that for the fireproofing 




Deposit 






(1) 

(2) 

(3) 

Ammonium borate 


20 

19 

Ammonium bromide 

9 

91 

91 

Ammonium chlonde 

m 

93 

94 

Ammonium phosphate 

•2 

49 

43 

Ammonium sulphate 


61 

54 

Borax 

d ^ 

41 

61 

Calcium chlonde 

Sodium silicate 

SS 

86 

49 

17 

4 

Sodium tungstate 


82 

3 

(Fabric control) 

£ 

30 

0 


(1) Lxposed In a room at ordinary temperature and 
humidity for 300 days 

(2) trpoBed under glass at 45* In the open, facing 
south for 200 days 

(3) Heated In an oven at 120°C for 4 hours 

of curtains and similar materials erposed behind 
glass to direct sunlight, ammonium borate and 
borax would probably be least destructive 
For clothing and materials which are to be 
subjected to the laundry ironing process or are 
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Classification of Insoluble Deposits 


A 

Wt 

% 

C 

Wt 

% 

C 

Wt 

% 

Antimony oxychloride 

30 

Aluminium acetate 


Ferric phosphate 

40 



(basic) 

140 

Lead chloride 

24 






CO 


Wt 

Aluminium fluonde 

76 

Magnesium ammonium 


% 

Aluminium oxide 

70 

phosphate 

125 







Aluminium stannate 


Aluminium tungstate 

60 

Magnesium oxide 

15 

Antimomous oxide 


Barium carbonate 

91 

Magnesium silicate 

11C 

Ferric chromate 


Barium oxalate 

78 


75 

Feme oxide 


Banum sulphate 

100 

Potassium sihcofluonde 

64 

Lead chromate 


Bismuth tnoxide 

40 

Silica 

400 

Lead monoxide 



67 


40 

Manganese dioxide 

22 

Calcium carbonate 

50 

Stannous oxide 

40 

Stannic oxide 


Calcium fluonde 

50 


60 

Tin tungstate 


Calcium phosphate 

52 

Tin phosphosihcate 

64 

Zinc stannate 


Calcium stannate 

4G 

Titanium oxide 

40 



Calcium tungstate 

96 

Zinc ferrocyamde 

48 



Cerium oxide 

69 

Zinc fluonde 

70 



Chromic oxide 

91 

Zinc oxide 

22 



Cobalt oxide 

52 

Zinc tungstate 

54 



Copper oxide 

19 

Zirconium oxide 

120 


all the single insoluble deposits are much 
inferior to the beat soluble type The most 
effective fireproofer appears to be ferric oxide 
It only requires a relatively small added -weight 
to render fabnc fireproof and this property is 
retained on weathering for at least 12 months in 
certain cases Fabnc proofed with feme oxide 
has, however, the great drawback that when 
brought into contact with an igniting source it 
glows and is completely destroyed by flameless 
combustion 

Treatment of fabnc with stannic oxide 
sometimes described as Perkin s process 8 
produces a similar effect but unlike feme oxide 
it quickly loses its property of preventing flame 
propagation when subjected to the action of 
nun. This, spnxpyAg can., h iot/wv. ha nastar/vi. 
by treatment of the fabric with dilute alkali 
In the ordinary laundry wash the fireproof 
condition is retained if the proofed material is 
only rinsed in water after the soap and soda 
boil 

Many other deposits, which are otherwise 
inert prevent flame propagation when a small 


amount of an adsorbed alkaline salt is present 
Such adsorbed salts are not completely removed 
by slight washing with water This explains 
why many insoluble deposits such as magnesium 
borate aluminium tungstate other insoluble 
borates and tungstates as well as phosphates 
silicates, hydroxides of aluminium zirconium 
titanium silicon zinc and magnesium have 
been described as permanent fireproofers In 
all cases alkali salts enter into the formation 
of the deposits and adsorbed salts are retained 
if the washing is incomplete 

Mixtures — So far no success has been 
achieved in attempts to obtain a permanent fire 
proofing treatment involving the deposition of 
one insoluble substance only on the fabnc All 
fh/v effiR/dj.Re. fic'upyin/krA cumft, cigwuia, after- 
glow To overcome this defect it is necessary to 
deposit one or moro additional substances on 
the fabric 

A number of binary mixtures have been put 
forward Mixtures containing synthetic chlon 
nated resins have been proposed with the 
object of preventing afterglow 18 Inert oxides 


Deposit 

% Loss In 
strength 

Deposit 

% Loss In 
strength 

Aluminium oxide 

10 

Feme chromate 

32 

Aluminium stannate 

90 

Feme oxide 

45 

Antimony oxychloride 

54 

Lead chromate 

25 

Banum carbonate 

65 

Lead oxide 

80 

Barium oxalate 

62 

Manganese dioxide 

40 

Calcium tungstate 

36 

Silica 

9 

Cerium oxide 

56 

Stannic oxide 

100 

Chromic oxide 

25 

Tin tungstate 

59 

Copper oleate 

29 

Titanium oxide 

100 

Copper oxide 

33 

Zinc stannate 

85 



Zinc stearate 

43 



(Fabnc control) 

31 
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Doors constructed of fireproofed wood are able 
to resist the passage of fire for 1-2 hours and 
are therefore classed as fire resisting The 
London Building Act also approves fireproofed 
wood as fire resisting , the New York Budding 
Code recognises it as incombustible 

Behaviour of Wood in Fire 
Wood substance, which consists mainly of 
cellulose, lignin and hemicelluloses, is stable for 
a reasonable time at temperatures below about 
276°C It is true that at temperatures below 
275°C moisture is removed, and slight decom 
position occurs, but this is serious only if 
exposure is prolonged, wood m contact with 
hot water pipes darkens and resembles wood 
which has been decayed by the dry rot fungus 
Campbell and Booth (Biochem J 1930, 24, 
641, 1931, 25, 756) showed that wood exposed 
to temperatures not exceeding 55°C for 11 days 
undergoes sufficient hydrolysis for the effect to 
be detected by chemical analysis, and incipient 
hydrolysis of the more resistant softwoods, 
typified by silver fir, is detectable at 80°C These 
chemical effects are accompanied by marked 
reduction in strength The importance of 
careful control of temperatures to suit individual 
species in kiln-drying is thus evident 
When heated to about 300°C wood de 
composes, inflammable gases and vapours are 
liberated, and charcoal is formed If the 
vapours are liberated in sufficient quantity and 
ignited the temperature of the adjoining wood is 
raised, the action spreads rapidly and becomes 
exothermic, the wood burns In presence of 
sufficient air the charcoal glows and is almost 
completely consumed, only a small amount of 
ash remaining The speed of combustion is 
dependent on the ratio of the surface of the 
wood to its mass A small splinter burns 
rapidly, and the charcoal is readily consumed 
A thick baulk of timber becomes coated with a 
layer of charcoal, and unless more heat is 
applied, and in the absence of a strong current 
of air, the charcoal is not consumed but forms 
an insulating layer on the wood Heavy 
timbers are consumed so slowly m large sizes 
that they retain considerable strength after 
prolonged exposure in severe fires This fact 
is the basis of the “ slow burning heavy timber 
or “ mill ” typ6 of construction 

Historical 

The problem of fireproofing wood is very old 
According to Herodotus, impregnation with 
alum as a means of fireproofing was practised 
by the Egyptians Aeneas Tacticus (400 B c ) 
recommended vinegar, and Aulas Gelbus re 
ported that the wooden defensive towers at 
the aiege of Piraeus, 87 b C , were protected 
from fire by a solution of alum A British 
patent on a method for fireproofing the wood, 
canvas and ropes of ships was issued in 1625 
Gay Lussac (Ann Chim Phya 1821, [u] 18, 
211) impregnated strips of hemp and linen fabrics 
with 10 and 20% of various salts and found that 
mixtures of ammonium phosphate with am 
mom am chloride or borax (1 1) prevented both 

» and glowing Versmann and Oppen 


heim (Bnt Assoc Reports, 1859, 29, 87) 
examined a large number of salts for fire 
proofing and secondary effects, and classed as 
useful salts sodium tungstate, ammonium 
phosphate, sodium ammonium phosphate 
ammonium sulphate, and a mixture of am 
momum chloride and phosphate Since that 
time hundreds of patents have been granted for 
fireproofing processes 

Fireproofing on a commercial scale appears to 
have originated m America and was under 
taken in response to a demand by the Navy 
for fireproofed wood for decks and other parts 
of warships The process which was operated 
by f he Electric Fireproofing Company, was that 
developed by M Bachert (U S P 602807) 
The wood was impregnated under pressure with 
a solution of ammonium sulphate and ammonium 
phosphate after preliminary steaming and 
vacuum treatments Further impetus was 
given to the development of the industry by the 
1899 revision of the New York City Building 
Code which provided for the use of chemically 
treated wood for the interior woodwork of 
buddings over twelve stones high The Navy 
discontinued its use m 1902 after experiencing 
trouble from the corrosion of metal fastenings, 
and in painting due to the hygroscopic nature 
of the fireproofed wood In 1926 the Bachert 
process was revived and taken over by the 
Protexol Corporation of Kendworth, N J , 
which is now the premier fireproofing company 
in the United States (G M Hunt and G A 
Garratt, Wood Preservation,’ 1st ed , McGraw 
Hill Book Co , New York, 1938, p 399) 

In this country the most important concern 
is the Timber Fireproofing Company of Market 
Harborough The* o xylene ” process which they 
operate employs a solution, patented by A W 
Baxter (B P 6209/1905), of ammonium phos 
phate and boric acid in water, the preferred 
proportions being 12 1 87 Timber is subjected 
to steam and vacuum treatment before impreg 
nation (Engineering, 1925, 119, 11) It is 
claimed that wood so treated will not igmte 
or spread. fixe, that iA ia vat hygcosm'ji/i and 
will not cause corrosion of fittings, that it is 
resistant to attack by fungus, and that it can 
be cut or painted as ordinary wood All wood 
installed in vessels of the Royal Navy and in 
the underground rolling stock of the London 
Passenger Transport Board is fireproofed by 
this process 

The Mechanism of Fireproofing 

Gay Lussac wae the first to propose a theory 
of the action of fireproofing salts and his theory 
has been generally accepted up to the present 
time He found that the chemicals act in two 
ways Some melt to form a glaze on the surface 
of the wood and so prevent ingress of oxygen 
This is the mode of action of substances such as 
borax or phosphoric acid Other substances 
decompose and liberate inert gases such as 
water vapour, carbon dioxide or ammonia 
which mix with the inflammable gases derived 
from the wood substance and render them 
non inflammable A salt such as mono 
ammonium phosphate would act in both these 
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has facilities for testing fire resistance in accord 
ance with the British Standards Institution — 
“ Definitions and Methods of Test for Fire 
Resistance, Incombustibility and Non Inflam 
inability of Budding Materials and Structures ” 
(BS No 476—1932) 

British Standard Methods of Test Ftre 
Resistance — -Elements of structure are tested 
They should be full size or not less than 10 ft 
by 10 ft and restrained or loaded as they would 
be in service, the test load being tunes the 
design load Unloaded structures are subjected 
to a blow from a falling 10 lb ball, and strnc 
tures which are fire resisting for more than 2 
hours are also subjected to a water jet 
The surface of the elements is heated to 
temperatures controlled according to the 
standard time-temperature curve, » e to 1,000°F 
at 5 minutes 1,300°F at 10 minutes, 
1,550°F at 30 minutes, 1,700°F at 1 hour, 
1,850°F at 2 hours, 2,050°F at 4 hours, 2,200°F 
at 6 hours, and 2,300®F at 8 hours The 
temperature of the unexposed face of walls, 
floors, etc , functioning as separating structures, 
must not nse by more than 250°F above the 
normal temperature, no cracks should form 
through which fire might pass, and the structure 
must remain rigid According to the length of 
time during which the elements satisfy the 
conditions they are classified as Grades A 
(protection against fire for 6 hours), B (4 hours), 
C (2 hours) D (1 hour), or E ($ hour) 

It should be noted that the test applies 
primarily to the design of a fire resisting 
structure, and not directly to the effectiveness 
of a fireproofing chemical or a method of fire 
proofing Bad design may clearly be the cause 
of early failure if, for instance shrinkage cracks 
form at joints and allow flame to pass 
A test in which a If in thick fireproofed wood 
door successfully withstood a 1 hour test 
carried out in accordance with the corre 
spording American Fire Test Specification 
(A STM • C 19-33) is reported in Proc Amer 
\\ ood Preservers Assoc 1 935, 225 The British 
Standard Methods of Test are intended for all 
materials used in building construction The 
incombustibility test involves heating the material 
in a vertical electric furnace with a pilot light 
above and an observation chamber below, the 
temperature being increased by 900°F per hour 
to a maximum of 1,382°F If the material 
neither flames nor glows more bnghtly than the 
■ walls of the furnace, or if it glows at all the glow 
is immediately diminished when the specimen 
is lowered into the observation chamber, it is 
incombustible The non inflammability lest which 
would, however, classify most species of timber 
as non inflammable, consists m supporting the 
specimen at an angle of 45® while 0 3 c c of 
ethyl alcohol is burnt 1 in below the centre, 
and noting the duration of flaming and glowing 
New York Building Code Acceptance Tests ■ — 
1 SAonnys Test A mass of shavings from 
both inside and outside the sample is placed to 
form a layer 2 in thick in a metal vessel 12 in 
square the bottom of which is a wire screen 
A yellow Bun«en flame is placed under the vessel 
for 25 seconds At no time should the flame 
•how more than 6 in above the top of the bed 


of shavings and the shavings should not be 
consumed m less than 5 minutes 2 Gnb 
Test — Twenty samples each J in square and 
6 m long are built up on a rmg support in five 
equal tiers making a cnb 6 in square and 2} in 
high, which is set 6 in above a Bunsen burner 
The flame is directed on the cnb for 1 minuts 
at a temperature of approximately 1,200T 
The wood must not flame for more than 20 
seconds after removal of the burner, nor the 
glow last for more than 30 seconds 3 Timber 
\Test — Two samples, each J m by 1$ in in 



Fmz Tube 

cross section and 12 in long are laid edge to 
edge across the top of a gas crncible furnace and 
exposed for 2 minutes to flame at a temperature 
of 1,700°F The samples are removed and the 
duration of flame and glow is noted Flame 
should not persist longer than 16 seconds and 
glow not longer than 20 seconds The pieces are 
then cut through at the most burned section 
The unburned areas of hardwoods should be not 
less than 65% and of softwoods 45% of the 
original section 

The shavings test gives a rough indication of 
resistance to ignition, flaming and glowing 
but cannot be standardised The crib test is 
valuable m that it gives information on loss of 
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bored in the centre, impregnated with chemicals ' 
and dried, were placed in a brass nng and 
suspended from a balance arm in anch a way 
that the loss m weight up to 50% could be read 
directly on a chart The centre of the specimen 
was heated for 6 minutes by a Bunsen burner 
directed up the hole Flame spread along the 
bottom and sides was prevented by a copper 
disc with a l}m hole fitted on the base 
Readings of loss in weight of the wood and the 
temperature of the brass nng were made every 
minute until combustion ceased or 50% of the 
wood was consumed The most effectively 
treated substances merely charred during the 
heating period, untreated wood continued to 
flame, and wood treated with salts such as 
Bodmm dichTomate continued to glow 
British Forest Products Research Laboratory 
Tests — J Bryan and L S Doman (Wood, 
1940, 5, 19) describe inflammability, flame 
enetration and flame spread tests which they 
ave developed for measuring fire resistance 
and have used for determining the comparative 
resistance of different species of timber The tn 


an open gnd at the lower end The samples 
are ignited by a standardised gas flame which 
projects vertically down the tube, and is 
maintained for 60 seconds or if, as in the case 
of some treated timber, ignition does not occur 
after 60 seconds, for 600 seconds The tube is 
suspended on a balance arm, and the time for 
each 10% loss in weight is recorded, the time 
between a loss of 30% and 70% being used for, 
comparison. The natural fire resistance of 
over 70 species of timber was tested and of these 
greenheart, gurjun, jarrah, laurel, padaok, 
pyinkado, teak, and white olmer show out 
standing fire resistant properties Tests have 
also been carried out on specimens of wood 
treated with a number of fire resisting solutions 
and coatings 

Evaluation of Chemicals as Fire* 
Retardants 

The work of Gay Lnssac and Versmann and 
Oppenheim has already been mentioned. Prince 
(Proc Amer Wood Preservers' Assoc 1914 
158) determined the temperature at which 
various treated timbers could 
be kept for 40 min utes with 
out igniting It was found 
impossible, under the con 
ditions of test, to ignite 
wood treated with certain 
ammonium salts Borax 
was effective, but other sub 
stances, including sodium 
carbonate and oxalic acid, 
besides being inefficient had 
a weakening effect on the 
wood Banneld and Peck 
(Canad Chem Met 1922 6 
172 , Chem and Ind 1923, 
42 155) measured ignition 
temperatures of wood in an 
electrically heated horizontal 
tube and classified salts 
as fire promoters or fire-re 
tarders according as they 
’imw *L an vwfift fL vgn- 
tion temperature from the 
range 290-300°C The fire 
retarders were zinc, mag 
nesmm and calcium chlorides 
ammonium sulphate and phosphate, borax 
sodium silicate and zinc ammonium phosphate, 
ammonium phosphate being the best 
The most comprehensive senes of tests made 
by a disinterested authority have been earned 
out by the U S Forest Products Laboratory 
using the fire tube test (Proc Amer Wood 
Preservers’ Assoc 1930-1933, 1935) In all, 
about 130 chemicals or mixtures have been 
tested, mostly at 5% and 20% concentrations 
of anhydrous chemical in the air dried wood, 
but 17 of the most promising were examined in 
sufficient detail for curves to be drawn relating 
concentration with loss of weight when flaming 
ceased and with maximum temperature at the 
top ofthefire tube Typical curves, those for di 
ammonium phosphate, are shown m Fig 3, 
and a selection of the results is given m Table II 
The results of the tests on single chemicals 
show that mono and di ammonium phosphates. 
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flammability test, based on Schlyter s test (Mitt 
Fachaus Ifolzfragen, 1938, No 21 84) uses 
two samples of wood 5 in square held vertically 
| in apart one sample bemg 1} m higher than 
the other A Bunsen flame ignites the face of 
the lower specimen and the time taken for this 
in turn to ignite the other specimen is recorded 
Ignition is usually very distinct In the flame 
penetration teat a sample 5 in square and J in 
thick is held horizontally 2 in above the nozzle 
of a standardised blowpipe flame The sample 
rotates in a horizontal plane in such a way that 
the centre of the flame describes a circle I in 
diameter This rotation was adopted because 
the results were much more consistent than 
those obtained with a fixed sample The tune 
required for the flame to penetrate the sample is 
noted In the rate of burning test the sample 
consists of 50 half inch cubes placed in a vertical 
iron tube 1} in diameter and 9 m- long, having 
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which does not prevent combustion continuing 
to 50% loss m weight, and the lowest adsorption 
which does prevent it 


Table III* — Slow Combustion Test Results 



rffectlveness j 



Chemical 

, Min , 

!,!, b ft 

Max , 
lb/ 
cu ft 

K' 

1 xeept loiis, 

lh Jew ft 

H,PO, 

(NH.V.HPO. 

(NHdHBjO. 

*NHj).50, 

NHjCI 

(NH 4 )H t P0 4 

MfCl! 

ZnCI, 

0*16 

0 S3 

oTi 

0SI ; 

017 

017 

OSS 

OSS 

0 37 
0-4<l 

0 67 
IMS 

0 62 
062 

0 17 1 
0 17 
0.4 

0 35 
0-37 

0 41 i 

0-45 

0-4S 

0 62 

1 06. 

0 15 effective 

0 10 effective 

0 34 effective 
017 (37% wt 
loss) 

0-1" effective 


Thcso figures mdicato tho great eflicienn of 
certain substances in preventing glowing These 
reduced combustions do not, howc\er, np 
preeiably increase the resistance to flaming 
Tho property of glow prevention is utilised 
by mam manufacturers of matches, and 
ordinary impregnated mat dies contain small 
amounts of salts such as mono ammonium 
phospbato which not only prevent tho charcoal 
glowing but guo it sufficient rigidity to j revent 
the hot head of the match filling off during burn 
mg Tho wood bums but (I uning is increased 
by dipping tho match in wax 

Methods of Fireproofing Timber 
AU tho chemicals generally used for fire 
proofing wood are solublo m water, and they are 
injected mto tho wood as an aqueous solution 
Tho methods employed are essentialh similar 
to tlio<o winch have been developed 1 \ tho 
wood pre-sen ing industry, for treating wood 
with creosote, or particularly with preservative 
salts 

Wooil that has to pass stringent acceptance 
tests must bo completeh impregnated with tho 
retardant, and except in casts where tlnn 
sections are being treated tho only satisfacton 
method is that employing impregnation under 
pressure Even when complete impregnation i« 
not demanded this is the onla method l \ winch 
adequate protection of thick or impregnation 
resisting timbers can lie achieved 
Considerable protection is affoided e\cn when 
tlio interior is not impregnated and it is still 
an open question whither any advantage is 
gaimal by insisting on tho complete impregna 
tion of thick baulks or beama, which are not 
hablo to subsequent splintering as the interior 
would b© well insulated by tho layer of hard 
charcoal produced on tho surfaeo of fireproofed 
timbeT 

If, however, timber is to bo cut or machined 
completo impregnation is generally essential, 
but as far as practicable, all cutting should bo 
done before impregnation \\ here the wood h.vs 
to be painted or varnished some planing or 
sanding is necessary after treatment, but this 


should be ns light ns possible, as tho outer 
layers contain the highest quantity of salt. 
Considerable protection may be given to lighter 
sections, or to the more easily impregnated 
woods by steeping treatments and even surface 
treatments, such as finishing and spraying, mav 
servo to prevent tho start of a fire, or its spread 
m the initial stages 

I MrciEO NATION’ UNDER PRESSURE — The full 
cell process is cmplovcd after preliminary steam 
and vacuum treatment Results of the fire, 
tube test have shown tint when tho most 
e fit ctivo fire ret aril ants are employed maximum 
protection is obtained when wood contains 12% 
or more of its weight of the chemical, and 
experience has shown that to achieve tins a 15% 
solution may generally bo used 
The plant eiunloyed is similar to that u<ed 
for creosoted timber , it consists of the following 
units (1) A mixing and storage tank heated, 
for example, b\ steam coils and fitted with a 
stirrer, tho capacity of tins tank must In’ 
greater than that of the pres&uro cylinders and 
it is desirable that it should bo at a higher level 
than tho rest of tho plant (2) Ono or more 
pressure impregnation c\ finders of steel or 
cast iron designed for a working pressure of at 
least 150, and preferahh 200, lb per sq in 
(gauge) Safetx release valves and pressure and 
vacuum gauges should lo fitted (3) A 
hydraulio reciprocating pump capable of 
maintaining a pressure of 160-200 lb persq m, 
and of emptying the cylinders in a relatively 
short time, or a compressed air supply (4) A 
vacuum pump capable of exhausting th« 
cylinders to a vacuum of 25-29 in of mercury 
in about 1 hr (5) A supply of st ea m at 20-25 lb 
per sq m (gauge) pressure 
Owing to tho wide variability in the resistance 
of timbirs to impregnation no rigid schedule of 
treatment can bo laid down, and details of the 
various steps de-enbed should bo modifies! as a 
result of experience to suit tho typo of timber 
and the purpose for which it is required 
Tho process consists of the following stage* 
Leading the Cylinders — The timbers, 
separated l>y slats, are stacked on a trolhy, 
this is run into tho cylinder, which is then 
closed Before stacking, several pieces of 
timber, repre cut at no ot tho batch, elioull bo 
Wtighed and marked, they are wtiglied again 
after treatment and from the inereaso in weight 
tho percentage adsorption of chemical can bo 
calculated llio aaerngo anil indicate whether 
tbo treatment has been sufficient. The total 
amount of solution adsorbed bv the hatch may 
bo measured l v observing tho level of tho storage 
tank before and after applying pressure In 
addition thoroughly impregnated timber take* 
up nearly its own weight of solution and tho 
increase in densit a is sufficiently striking for the 
experienced operator to be able to tell whether 
treatment has been satisfactory , and to pick out 
planks which are insufficiently treated Thc*e 
can then be separated from the remainder of 
the batch and re-treated 
reparation of the Solution — Common timbers 
will adsorb on an average, about £0% of their 
air-dry weight of solution In such cases it is 
necessary to uso a 15% solution if the concentra 
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moisture transfer from the centre to the surface, 
and the high humidity prevents rapid drying 
of the surface which would lead to checkins 
It is therefore necessary to control the tempera 
ture and humidity of the kiln within narrow 
limits, and to vary the-e as drying proceeds in 
accordance with a fixed schedule Each class 
of timber requires special treatment and 
schedules for all the common timbers have been 
worked out at the hore«t Products Research 
Laboratories. 

In drying fireproofed timber certain specific 
factors need special consideration The timber 
is excessively wet, and careful ^tacking is 
essential if warping is to be avoided 41 
effective fire-retardants accelerate carbonisation 
of the wood and unless care is taken to avoid 
Inch kiln temperatures the wood is darkened 

Experience has shown that fireproofed wood 
can be dried without cheekinc more rapidly 
than natural wood, that is the humidity of 
the kiln may be appreciably lower than u ual 
In this connection, work earned out at the UvS. 
Purest Products Laboraton is of interest 
4ccordmg to S. H Kahn (Mood 1^40 5, 44) 
seasoning can be greatly sect I era ted by soaking 
timber m concentrated solutions of salts such 
as sodium chlonde or mono-ammonium phos 
phate, so that the outer layers are imprecnated 
Losses by checking of timbers which are 
normally very difficult to dry are very much 
reduced Kahn suggests that the effect is due 
to the fact that water evaporates more rapidly 
in a pure state than from a saturated salt 
solution and that therefore the surface layers 
retain their water content, while the centre is 
drying , drying is from the inside out, instead 
of from the outside in 

This mechanism may in part account for the 
greater ease with which nreproofed wood is 
dried, but it seems more hkelv that, as a result 
of the pressure treatment, wood which has been 
fireproofed with an aqueous solution will have 
a more open structure and capillary effects in the 
drying process will predominate 

It seems. sdxiashJ/s, th/md/w* Vs modify the 
schedules for drying fireproofed timber, so 
that the drying temperature is 5-10XX below 
the temperature ured for untreated wood and 
the humidity is reduced appreciably below that 
of the normal schedule 

Hot- and Cold Soaking — Adsorption of cold 
solutions bv softwoods is a slow process. 4d 
sorption of hot solutions is much more rapid, 
but the be=t effect is obtained bv * hot-and-cold 
process. In this the timber is immersed m a 
hot solution ( Q 0-IOO C C.) and then either allowed 
to cool while immerred in the solution br rapidly 
transferred to a cold solution The time 
required depends on the type and thickness of 


the timber, but effective protection can be given 
to yellow deal, for example, by immersion far 
S hours in a hot 20% solution of ammonium 
phosphate followed bv cooling for S hours. 
Complete impregnation may not always be 
effected, but the outer laver would be fire- 
proof Preliminary tests on mine timbers 
described in the Report on Research Work 
earned out in the Department of Mining of 
Sheffield University, 1’X>1-1°32, showed that, 
under the conditions of the te>t, soaking wood m 
1 5 solution of ammonium phosphate in water 
for three days with subsequent drying renders 
timber practically fireproof and the mere 
painting or 'pranng of timber with this solution 
has a preventative effect 

Owing to the fact that impreroation mav not 
be complete, the timber should be shaped and 
cut to its final sire before immersion 

Painting os Spray Coating — Solutions of 
fireproofing salts, such as ammonium phosphate, 
mav be applied to adsorbent unpainted surfaces. 
Solutions may, preferably, be hot and should be 
concentrated, eg 30% It is advantageous 
to apply three coats, the second after the fir-t is 
almost dry , preferably 4 IK of fire-retardant 
should be applied per 100 sq ft of surface In 
order to ensure maximum penetration a wetting 
agent mar be incorporated in the solution, and 
adhOMon of the crystal film is greatly assisted 
bv including a colloid, such as gum arable, in 
the solution, the amount used being about 10% 
of the weight of the salt. 

It must be emphasised that surface treatments 
do not pre a huh degree of protection in an 
intense tire, but they do give effective protection 
la the initial stages and, moreover, modify the 
surface layers m the same way as impregnation 
does ro that the formation of inflammable gases 
is reduced and a hard, firm charcoal is formed 

Secondary Effects of Fire-Retardants 
on Timber 

i/jTTOjeopici'y — If wood becomes hvgroscopu. 
%*. a. result, of treatment, difficulties, will anse % 
particularly on account of corrosion and peeling 
of paint. 

The relative humidity of closed systems 
containing saturated solutions of certain sal a 
is given in Table I\ In atmospheres of higher 
humidities than there the salts adsorb meu ture 

4s the mon'hly average relative humidity in 
this country (Kew) from O tober to March 
vanes from Sl-SN it is inadvisable to use 
mixtures of salts which become moist at 
humidities lower than this. Here mono- 
ammonium phosphate is particularly valuable 
In conditioned atmospheres however, or heated 
interiors ammonium chlonde or mixtures of 


Table IT — Relative HrauniTY at which Salts Adsorb Moisttbx. 
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Fireproofing of^Other Materials 
Plywood — -Three ply and fire ply wood are 
fairly easy to impregnate Pressure impregna 
tion is probably the most satisfactory Treat 
ment for £ hour with a cold 15-20% solution of 
fire retardant* without any steaming or vacuum 
has proved sufficient for fireproofing 
The hot and cold steeping process may be 
employed, but the operation of the process 
requires much greater care than is required 
with ordinary timber, as the hot solution may 
have a detrimental effect on the glue Many 
of the better quality plywoods have water 
proof cements or a resin film, which will with 
stand the action of the hot solution. Great 
care must be taken m stacking plywood for 
drying , wet plywood is very flexible and 
unless it is dried flat, will usually warp badly 
It is also advisable to dry the material at 
temperatures as low as possible 
Reeds — -The surface of reeds is very impervious 
but, by using a solution containing a colloid 
such as gum arable, a film of fire retardant 
will be produced on the reed The process, 
then consists in immersing the reeds m a 20% 
solution preferably hot, of fire retardant con 
taming 20% by weight of the colloid, allowing 
to drain and dry In use as a thatch, the salts 
are washed from the outer surface, bat the lower 
layers retain their fire resistance As thatch is 
usually 12-15 in thick, the loss of fireproofing 
effect by weathering is small 

Fireproof Paints 

Although impregnation with fire retardant 
salts is the most effective method of increasing 
the fire resistance of timber, considerable 
protection may be given by coating it with an 
inert material which serves as an insulation 
from the fire, and so prevents ingress of oxygen. 

Among the simplest and cheapest coatings are 
limewash and distemper, and these give definite, 
though transitory, protection 
The value of calcium sulphate plasters as heat 
insulating coatings for wood is well known, and 
of these the dense anhydrite plaster 13 particu 
larly effective. A product recently developed 
containing anhydrite plaster and a small per 
centage of organic adhesive, is suitable for 
application by brush or Bpray, and coatmgs 
one sixteenth of an inch thick have been shown 
to be sufficient to prevent ignition of wood by 
an incendiary bomb 

Water glass or sodium and potassium sib cates 
appears to be the most popular coatmg, but to be 
effective this must contain a filler such as 
asbestos clay, metallic oxides (also as pigments) 
or chalk E Kunze {Farbe u Lack, 1934 
134, 147) compared the fire resistance of three 
types of silicate jiaint Silicate solution alone 
gave little protection, better results were 
obtained when powdered asbestos was included 
aa a filler, but the best results were obtained 
using a mixture of sib cate, asbestos casein, 
caustic soda and borax Greiner (Seifens Ztg 
1933, 65, EI9) gives numerous formulae for 
silicate paints 

Sodium sibcate, when first appbed, has the 
property of blistering under the action of heat 


and so forming an effective insulating layer 
Unfortunately this property is lost on ageing 
More recently organic foam forming materials 
have been used Thus “ Locron ” is stated to form 
a very vol umin ous foam when heated BP 
334408 granted to I G Farbemnd refers to the 
use of a solution or suspension of fire retardants 
and urea-formaldehyde condensation products 
which adhere to the material and prevent crystal 
lisa ti on 

Chlorinated rubber paints have recently 
come to the fore as non inflammable paints and 
they are suitable for intenor decoration 
Prince (H F Weiss, “The Preservation of 
Structural Timbers,’ 1916, p 336) investigated 
the relative inflammability of unpamted and 
painted s hin gles and sidings and found that a 
paint made of zinc borate (7 lb ), chrome green 
pigment (2£ lb ) and boded linseed od (1 gallon) 
had good fire resistant properties 
By means of a modified fire tube apparatus 
Metz determined the fire resistance of wood 
coated with paint9 of four different types 
Protection given to thm slats increased in the 
order chlorinated rubber pamt, pigmented 
sodium silicate, ammonium salts, and an organic 
foam forming material, the last named giving 
considerable protection No noticeable increase 
in the fire resistance of thick beams was found 
when they were painted 
In connection with the preparation of fire 
resistant varnishes Butcher (Chem Trade J 
1931, 88, 248) states that di ammonium phos 
phate to the extent of 5% may be added without 
making the film opaque Sodium tungstate 
ground in linseed oil is also said to have good 
fire retardant properties 
Literature — An extensive bibliography is 
given in Proc Amer Wood Preservers Assoc 
1936, 429-475 For the last few years this 
publication has contamed a review of prominent 
articles on fireproofing published during the 
year A summary of nearly 500 references, 
mainly to patents, is included m the Second 
Report of the Fabrics Co ordinating Research 
Committee, DSIR 1930, Appendix I Refer 
ences to fireproof paints are given m Science 
Library Bibliographical Senes No 171, Science 
Museum, South Kensington, 1035 

ICR 

FISCHER'S SALT (a Vol III, 2196) 
FISETIN, 


OH 



is a flavone pigment present in Young Fustic 
It has been synthesised from veratnc aldehyde 
and oi methoxyresacetophenone (Allan and 
Robinson JCS 1926, 2334, ef Kostanecki, 
Lampe and Tambor, Ber 19A4 37, 784) 

FISH MEAL (v Vol IV, 5976) 

FISH OILS. — This term usuall} includes 
fatty oils derived not only from fish but also 
from marine mammals, such as whales and 
seals Such grouping is logical enough since 
not only is the habitat the same but the fats, 
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invariably dealt with by flotation through a 
senes of settling tanks, as with menhaden oil 
The first centrifugal system for dealing with 
press liquors was installed in 1927, and since 
then this method has found increasing use 
Other more recent items include the “foots 
machine ” and the vibrating screen (tide 
infra) 

Prior to 1930, the only material available m 
quantity for oil and meal production was offal 
from the canneries, but it should be remembered 
that such offal included all soft and damaged 
whole fish, as well as those of a size unsuitable 
for canning, and, m fact, the amount of offal 
was usually about 40-50% of the total catch 
(Scofield, California Fish and Game, 1938, 24, 
210) The profits from the oil and meal 
industry led to special permits being issued in 
1930 for the reduction of a certain additional 
percentage of whole fish and about 1932 the 
introduction of factory ships operating outside 
territorial waters and catching sardines purely 
for reduction to Oil and meal, caused the 
breakdown of the legislative attempts to 
restrict the industry to one of by products 
The result has been drastic overfishing with 
the exhaustion of supply already in sight 
(Scofield, l c , Clark, * 61 / 1939, 25, 172) 

The modem cookers are essentially the same 
as the menhaden cookers, the fish being cooked 
for about 20-25 minutes at steam pressures 
ranging from 3-25 lb Some 3 ft from the 
discharge end of the cooker, the bottom half 
of the shell is replaced by a screen to carry 
away any freed oil and moisture The cooked 
mass fails directly mto a continuous screw 
press, situated below the cooker, and is dealt 
with while still hot Sardine presses are similar 
to those used in the menhaden industry, but 
the shell is a tube perforated with holes instead 
of being constructed of slats The Bolid from 
the press is dned, ground and sold as a feeding 
stuff 

The press liquors are dealt with in various 
ways The majority of plant still use the 
settling tank system, involving normally about 
five tanks m senes, two or more being provided 
with Bteam pipes to maintain a temperature 
of 165°F A final cooking of the oil to 
break the emulsion, as is done with menhaden 
oil, 19 not necessary with sardine oil Some 
plant incorporate vibrating screens to remove 
mnch of the suspended solid, and centrifuges to 
assist in the last stages The “ foots machine ” 
is a combined screening and pressing device for 
dealing with the sludge from the settling tanks 
The all centrifugal process involves two steps 
The first js the removal of the bulk of the aohds in 
a solid basket centrifuge, usually called the bulk 
centrifuge In a typical apparatus the basket 
may be about 18 in deep, and of 40 in diameter, 
dealing with about 3000 gallons of press liquor 
per honr The cleared liquid, removed from 
the centre of the basket by a skimming pipe is 
heated to 200°F by live steam and fed into 
high speed centrifugal oil and water separators 
Here the remaining solids are also removed and 
the modern machines have an automatic sludge 
unloading arrangement which operates at full 
running speed. Some manufacturers replace the 
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bulk centrifuge by a vibrating screen or other 
device and merely use the high speed centnfuge 
For further details of the Californian sardine oil 
industry, see Hatton and Smalley (California 
Fish and Game, 193S, 24, 391) 

Pilchard Oil is made m various parts of the 
world from different species of pilchards, particu 
larly m British Columbia from Sard inops 
casrulea This Canadian industry is a modern 
one, the commercial canning of pilchards having 
been begun in 1917 From the first the 
quantities of fish landed have been m excess of 
the canning requirements and m 1925 reduction 
machinery was installed To day 95% of the 
pilchards caught in British Columbia are 
reduced to oil and meal The fishing is seasonal, 
from July to September, with occasional catches 
m June and October, and is conducted similarly 
to the menhaden fishing 
At the factories the fish are unloaded directly 
by means of bucket or slat elevators into storage 
bins, from which they pass to continuous cookers 
of the type already described The cooked 
material is pressed in a continuous screw press 
of the type used in the sardine industry and the 
liquors are dealt with either by a senes of settling 
tanks, or, in the moat up to date plant, by 
centrifugal apparatus In the settling tank 
method, the final aqueous liquors which are run 
to waste contam from 0 5 to 1% oil and the 
total loss is considerable, just as it is in the 
menhaden and sardine oil industnes One type 
of centrifuge in use is a high speed machine of 
high sludge capacity, from which the solid can 
be dumped whilst the machine is m operation 
No preliminary bulk centnfuge is required, the 
press liquors merely being warmed to about 
175°F and passed directly through the centn 
fuge at a rate of about 400 gallons per hour 
The oil so obtamed is ready for immediate 
storage Further details of the industry 
are given by Hart (Biol Board Canada 
Bull No 36, 1933), whilst Brocklesby and 
Bailey (tbid No 46, 1935) discuss methods of 
improving the quality of the product obtained 
The losses of oil m effluent waters are considered 
by Beall (ibid No 35, 1933) and Hart, Marshall 
and Beall (tbid No 39, 1933) 

Herring Oil is produced in relatively small 
quantifies from offal at canning fact ones, etc, 
and in larger amounts from whole fish m certain 
countne9, such as Norway, Sweden, Iceland 
and Alaska In Norway, for instance, the 
larger part of the annual catch of hernng is 
converted mto meal and oil, there being over 
sixty factories for this purpose It is mainly 
the large winter catch which is thus used and 
between 300 000 and 400,000 tons are reduced 
annually The oil tends to be of poorer quality 
than such oils as menhaden, sardine and 
pilchard, as the herrrng are often obtained in 
such large quantities that much material has 
to be stored for long periods (op to several 
months), preserved with salt and chloride of 
lime, before the plant can deal with it This 
method has the advantage, however, of keeping 
the plant running over a large part of the year 
As a result of this storage, the oil vanes in 
colour from pale yellow to dark brown The 
processes are very similar to those already 
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often incorporate a pre heating chamber The 
outer casing of the cooker is provided with 6team 
jets and an outlet pipe Steam is admitted 
under a pressure of 3—1 atm and as the per 
forated drum rotates, any disintegrated tissue 
falls through into the space below, along with 
oil and water The period of cooking vanes 
according to the material being treated, from 
about 1 hour for blubber to 3 or 4 hours for 
bones The process is often semi continuous 
the outside of the perforated drum having a 
propelling worm winch drives the collected 
<s& e.ud vratec towards the outlet* where it 
is expelled by the steam pressure in the 
cooker It passes through a strainer to re 
cover suspended solids, which are pressed and 
dried for meal, and then to a fat separator, 
which is really a specially designed settling 
tank From here the crude od is pumped off to 
temporary storage It is next washed with 
warm seawater and passed through centrifugal 
oil and water separators, after which it is 
pumped into the mam storage tanks It is so 
free from water and suspended protein matter 
that it will not deteriorate during the months 
that may elapse before the ship returns to 
Europe 

The principal species of whales caught to day 
are the bine whale [Balaenoptera muxultu), fin 
whale { B phy solus), and humpback whale 
(Megaptera boops) The once highly important 
sperm whale (Physeter macrocephalus) is now 
caught only in relatively small numbers The 
blue whale is the largest and a whale of 100 tons 
may yield 28-30 tons of oil A fin whale gives 
about 8 tons of blubber oil and a humpback 
whale about 6 5 tons These oils are normally 
mixed aboard the factory ships, but any sperm 
od obtained is kept separate, in view of its 
entirely different composition (tide tnfra) An 
interesting feature of the sperm whale is that it 
contains a large quantity of oil in a special 
head cavity This oil is liquid at the body 
temperature of ihB whale and « often obtained 
by simply baling it out through an opening 
made in the skull 

The importance of the modern industry can 
be judged from the fact that in the 1937/38 
season, 46 039 whales were killed, yielding 
657,000 tons of od A modem factory Bhip 
can produce up to COO tons of od per day, of 
which the greater part is of grade 1 quabty 

Further detads of the history and develop 
ment of the whale od industry can be obtained 
from Maiwbndge (J S C I 1917, 36, 362), Kauf 
mann (Fette u Seifen, 1933, 45, 7), and Sommer 
meyer (itid 42) Descriptions of modem factory 
ship procedure and equipment are given by the 
last author (J c ), Scholz (ibiJ 36) and Ulnchs 
(tbtd 45) The whole of the January issue of 
Fette n Seifen for 1933 is devoted to a sym 
po«mm on whaling and whale od 

Cn m ctebistics o? Fish Oils — Almost all 
fish and marine animal oils are partly solid at 
ordinary temperatures, the amount of 
“ steanne " varying with the species The 
colour of od made from fresh material vanes 
from practicallv colourless to golden yellow or 
greenish yellow (e q pilchard ofl) or even red 
(salmon oils) Od made from staler matenal 


is naturally much darker in colour. The 
percentage of free fatty acid m the crude od 
depends almost entirely on the freshness of the 
original material from which it was made, and 
should be less than 2 for good quality oIL 
Salmon od made from total viscera is often 
below this quality, however, in view of the 
extremely rapid autolysis in such matenal 
Whale od is graded into 4 grades on a basis of 
free fattv acid content and colour (e g the new 
Norwegian specification for whale ods, N S 487 
(1939), gives the following limits No 1, 2% 
F FA and. 3 red Lovibond units (+35 yellow) 
m a 40 mm cell. No 2, G% FFA and 
10 red units. No 3, 15% FFA and 12 red 
units , No 4 anything over these) 

Fish oils are normally subject to greater 
variation in composition than land animal or 
seed fats , due m part to the periods of intensive 
feeding and starvation which most species under 
go m connection with spawning, winter food 
scarcity and low water temperature, and so on 
Thus the fish periodically budd up fresh fat 
reserves and then later deplete them almost 
entirely Herring, for instance, vary from 
about 1% of fat to over 30% and the composition 
of hemng fat is aho different at different seasons 
(Lovem, Biochem J I93S, 32, 676) The 
manna mammals vary greatly in fat content 
during pregnancy and lactation and the fat 
composition vanes as a result (Tveraaen and 
Klein, Hvalridets Skrifter, No 11, 1935) The 
composition also vanes from depot to depot, 
and in the case of mixed ods made from various 
parts of an animal (e g salmon offal oils, whale 
oils, etc ) the composition will vary appreciably 
according to the relative preponderance of one 
or other portion of the animal Some com 
mercial ods are made from several related 
species, t g Jap fish od, salmon od and whale 
od, and here again variations m composition 
must be expected, which m many cases are 
quite large (Hamson, Anderson, Pottinger and 
Lee, U S Bur Fish In res tig Rept No. 40, 
1939, give data for salmon oils, and Lund, 
Od and Soap, 1936, 13, 148, discusses whale 
oils) 

It will be clear, therefore, that the character 
istics normally given for a particular fat 
(density, refractive index, saponification value, 
iodine value, and so on) do not have their usual 
significance as a means of defining any particular 
fish od. For instance, iodine values ranging 
from 140 to 193 have been observed with 
different samples of genuine menhaden oil and 
cod liver od shows similar variations (r Vol III, 
246a) At the same time, however, it is possible 
to give average values for various ods, and these 
may vary markedly from species to species 
Such variations are important commercial]}, 
as they influence the value of the od for different 
purposes (nde tnfra ) Actually the character 
istic which shows the most variation is the 
iodine value The density of most fish oils is 
about 0 90-0 93, the refractive index vanes 
somewhat with the iodine value (usual limits 
1 46-1 48), the % FFA. vanes from <1 to 
very high values, depending entirely on the 
freshness of the raw material, and the un 
saponifiable matter is usually <1 5% (except 
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composed of species related zoologically 
Hilditch and Lovem (Nature, 1936, 137, 478) 
have discussed the significance of this pheno 
menon, which applies to the whole field of fats 
Freshwater species, as a whole, have a character 
istically higher content of C 18 unsaturated 
acids and a lower content of C 20 and C 22 un 
saturated acids than marine species (Lovem, 
Biochem J 1937, 31, 765) 

In contrast to this general type of fish oil 
(which includes the oils from baleen whales), j 
certain species have fats differing sharply from 1 
such a type The principal species involved are 
certain sharks and the toothed whales The oils 
of many varieties of shark are fairly normal, but 
in others the fatty composition differs in that 
the acids tend to be considerably less un 
saturated than usual and that unusually large 
amounts of C 21 acids are present (m most fish 
oils C 24 acids are either absent or present only 
in traces) Concurrently with this much of the 
glycerol of the oils is replaced by monoglyceryl 
ethers of hesadecyl, octadecyl and octadecenyl 
alcohols (chimyl, batyl and selachyl alcohols) 
In certain cases large amounts of the highly 
unsaturated, branched chain hydrocarbon squa 
lene are present (Tsujlmoto, J S C I 1932 51, 
317T, J goo Chem Ind Japan, 1935, 38, 
271 B, 272B , 1936, 39, 82B, 1937, 40 365B, 
Hilditch and Houlbrooke, Analyst, 1928, 53, 
246, T P Hilditch, " Chemical Constitution of 
Natural Fats,’ Chapman and Hall, London, 
1940) 

The depot fats of the toothed whales (sperm 
whale, bottlenose whale, dolphins, porpoises, 
etc ) are noteworthy for the relative saturation 
of their fatty acids, the presence of acids of 
lower molecular weights than nsual and the 
replacement of much of the glycerol by higher 
ahphatio alcohols (both saturated and un 
saturated) The porpoise and dolphin fats are 
unique in containing wovalenc acid, which is 
combined as an integral part of the fat (Lovem, 
Biochem J 1934, 28, 394, Taujimoto and 
Koyanagi, J Soc Chem Ind Japan, 1937, 40, 
272B) lie alcohols occurring m toothed 
whale fats are mainly tetradecyl, hesadecyl, 
octadecyl, hevadecenyl, octadecenyl and eico 
senyl alcohols Hilditch and Lovem ( J S C I 
1029, 48, 365T, 1933, 62, 90T) give the 
quantitative composition of the alcohol mis 
tures occurring in sperm head and blubber 
oils In addition, however, traces of the 
following alcohols have been reported octyl, 
decyl and dodecyl alcohols, unsaturated C 10 
and C.j alcohols (Ueno and Koyama, J Chem 
Soc Japan, 1036, 57» 1, Bull Chem Soc 
Japan, 1936, 11, 394), tetradecenol, eicosa 
tetraenol and docosapent&enol (Toyama and 
Tsuchiya, Bull Chem Soc Japan, 1935, 10, 
572 , Toyama and Akiyama, ibid 679 , 1936, 
11,29) 

Whilst these alcohols and alcohol ethers will 
appear m the unsapomfiable fraction of the fat, 
it should be remembered that they are really 
present as saponifiable esters and merely take 
the place of glycerin in a normal fat Squaleno 
(and other hydrocarbons present in some shark 
oils) is, however, true unsapomfiable matter 

The above survey of the chemical composi 


tion of aquatic animal fats has necessarily been 
brief and is far from being complete It will 
serve, however, to give a general idea of the 
type of compounds occurring in such fats and 
illustrate the difference between them and the 
usual land animal and seed fats For fuller 
information on the chemistry of fish oils, see 
the “ Oils, Fats and Waxes ” section of the 
Annual Rep Prog Appl Chem , Hilditch 
(Proc 5th Pacific Sci Congr Victoria and 
Vancouver, B C , Canada, 1933, 3647) and 
Lovem (Biochem J 1932, 26, 1978, 1985, 
1934, 28 394, 1955, 1961, 1935, 29, 1894, 
1936, 30, 2023 , 1937, 31, 755 , 1938, 32, 1214) 

In Table I are given the fatty acid composi 
tions of a few representative fish oils, including 
most of the commercially important species 
The three shark oils have been selected to 
illustrate the fairly normal type, the relatively 
saturated type and an intermediate type The 
toothed whale fats illustrate not only the 
peculiar composition of such fats, but also the 
different compositions of fats from different 
depots in the same animal This point is an 
important one, as the same is often true of 
many other species As an example of the 
extreme differences that may be encountered 
it may be mentioned that the liver and organ 
fats of the sperm whale and porpoise closely 
resemble fats of the cod liver oil type and have 
no lower acids and no wax esters (Taujimoto 
and Kimura, Chem Umschau, 1928, 35, 317, 
Lovem, Biochem J. 1934, 28, 394) It has 
already been mentioned that fish oil composi 
tions are subject to considerable variation, but 
the data given in Table I will serve to give a 
general idea of the types of fatty acid mixture 
occurring In these oils 

Rkfiniso op Fish Oils — It has been 
mentioned that raw fish oils are normally 
partly solid at ordinary temperatures, and 
of varying colour from practically colourless 
to reddish yellow Oils from somewhat stale 
material may be brown in colour and have a 
relatively high content of free fatty acid and a 
strong odour The refining necessary before an 
oil is suitable for an industrial use depends 
mainly on the particular purpose to which it is 
to bo put, for some purposes no refining at all 
being necessary The following refining pro 
cesses are in use wintering, alkali refining, 
decolorising and deodorising 

Wintering consists in removal of stearin by 
cooling the oil, allowing the stearin to settle 
out and then removing it in a filter press The 
purified oil will be quite liquid at ordinary 
temperatures and the process also removes any 
traces of water and mucilage in the crude oil 
The temperature to which the oil is cooled will 
depend on the nature of the oil and the purpose 
to which it is to be put and the eoohng should 
always be done gradually as the separation of 
stearin is a very slow process 

Allah refining for the purpose of removing 
free fatty acid, is earned out just as for vegetable 
fats, etc, by Btimng the oil with the required 
amount of caustic soda solution A certain 
amount of colouring matter is removed at the 
same time The purified oQ is run off from the 
settled “ foots ” 
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Decolorizing 13 usually earned out by agitating 
the heated oil with an adsorbent earth (fuller’s 
earth, etc ), or a mixture of earth and charcoal 
About 6% of earth is used and bleaching occupies 
about 15-30 minutes The earth is then re 
moved in a filter press 

Deodorising can he accomplished by blowing 
with superheated steam in a vacuum, in the 
usual way Care must be taken to use aa low 
a temperature as possible to avoid polymensa 
tion of the more highly unsaturated glycendes 

Uses of Fish Oils — F or many purposes 
the various fish oils of commerce are inter 
changeable, whilst for others certain oils are 
preferred, eg the more highly unsaturated 
oils for paint manufacture and the less highly 
unsaturated ones for margarine manufacture 
The principal uses to which fish oils are put 
are dealt with only briefly here, as fuller 
information can he obtained under the appro 
pnate heading elsewhere in this Dictionary 

Fish Oils as Sources of Vitamins A and D 
— The beat known sources of these vitamins 
for both human and animal requirements are 
cod and other fish liver oils (v Vol III, 
250) Several of the non liver oils of com 
merce, howdver, are being increasingly used as 
a vitamin supplement in animal nutrition Oils 
made from whole fish of the herring family, 
such as herring, menhaden, sardine ana pilchard- 
are quite good sources of vitamin D, but in 
general have only a low vitamin A content 
Salmon offal oils are good sources of both these 
vitamins Morgan, Kimmel and Davison (Food* 
Research, 1939, 4, 145) report that Pacific 
sardine oils contam from 35 95 U S P units of 
vitamin D per gram, one sample having 100 
U S P umts/g The vitamin A content was 
usually low, but many of the oils were thus at 
least equal to the U S P reference cod liver oil 
(85 umts/g ) m vitamin D content (see also 
Asmundson and Allardyce, Sci Agric 1933, 
13 749, Biely and Palmer, tbtd 14, 136) 
Pilchard oil contains from 20 to 100 IU/g 
of vitamin D (varying seasonally) and sometimes 
appreciable amounts of vitamin A (.Bailey, 
Biol Board Canada Prog Rep Pacific, 1935, 
No 23 11, Brocklesbv, t bid No 25, 13 , 
Pugsley, Fish Res Board, Canada Prog 
Rep Pacific, 1939, No 39, 3, Asmundson and 
Allardyce, l c , Biely and Palmer, l e , Biely 
and Chalmers, Proc World s Poultry Congr 
6 th Congr Berlin and Leipzig, 1936, Sect 2, 
228, Milne, Rudolph and McFarlane, Poultry 
Sci 1937, 16, 383) Herring body oil (Pugsley, 
Fish Res Board Canada Prog Rep Pacific, 
1938, No 35, 7, No 38, 7. Lunde, Nord 
Med Tids 1938, 15, 444, Angew Chem 1939, 
52, 521) and menhaden oil (Manning, Nelson 
and Tolle, U S Bur Fish Invest Rep 1931, 
No 3 , Halverson, Smith, Sherwood, and Dear 
styne N Carolina Agric Expt Sta Tech Bull 
57, 1938) are equal to cod liver oil in vitamin D 
Morgan, Kimmel and Davison (I c ) report that 
samples of commercial salmon offal oils con 
tamed 58-142 umts/g of nta mm D and that 
some of them approached the min imum vitamin 
A standard of the U S P cod liver oil Ham 
son Vnderaon, Holmes and Pigott (U S Bur 
Fish Invest Rep 1937, No 36) also give 


data for the vitamin content of salmon 01 I 3 , 
showing wide variations from species to species 
(especially for vitamin A) Some oils were 
superior to good cod liver oil as sources of 
vitamin A, others were superior m vitamin D 
Sockeye and silver salmon oils are good sources 
of both (see also Hamson, Anderson, Pottmger 
and Lee, ibid 1939, No 40) 

All these oils seem to be especially used in 
poultry feeding and either the crude or 
‘ wintered ” oils are employed Oils intended 
for such purposes should be made by processes 
involving as little prolonged heating as possible, 
and centrifugal separation is, therefore, pre 
ferable to a settling tank system (Hamson and 
Pottmger, ibid 1931, No 4, Brooklesby and 
Bailey, Biol Board Canada Bull 1935 No 46 ) 
Whale oils do not seem to be used as a vitamin 
supplement, but whale liver oil is a valuable 
commercial source of vitamin A (Bomskov and 
Unger, Fette u Seifen, 1938, 45, 90) 

Fish Oils as Source of Edible Fats — Any 
good quality fish oil, with the exception of oils 
from toothed whales and certain sharks, may 
be converted into an edible fat by suitable 
hydrogenation The treatment involves alkali 
refining if necessary (free fatty acid attacks the 
reaction vessel and the other impurities removed 
during alkali refining, slimy matter, phospha 
tides, etc , are catalyst poisons) and bleaching 
with fuller’s earth The extent of the hydro 
genation depends on the particular product 
being manufactured and on the composition and 
degree of unsaturation of the original oil 
Oils of equal iodine value do not necessarily 
have the same melting point and in fact fish 
oils, with their mixture of acids of various 
molecular weights, give a product which melts 
over a considerable range instead of sharply 
This is a favourable quality in such a fat as 
margarine, for example, as it confers increased 
plasticity The hydrogenated edible fats of 
commerce are usually blended products Tather 
than entirely made from fish oils, and obviously 
the degree of hardening of the fish oil will also 
depend' on the otfief lats with wfuefi it is to be 
mixed The hydrogenation process is often 
controlled in such a manner as to produce the 
maximum content of t so acids (unsaturated 
acids m which a double bond has changed its 
position), which are especially valuable in 
connection with plasticity This control can 
be exercised by using a somewhat dull catalyst 
and relatively high temperatures For making 
solid fats, such as lard substitutes and margarine, 
a fish oil of relatively low iodine value is pre 
ferable, as less hydrogen will be required Such 
oils will include pre eminently whale oil (I V 
about 120) and fish oil stearins separated in the 
wintering of other oils Incidentally, whale oil 
was the first fat to be hardened on a full factory 
scale for use as a foodsttiff (m 1910) Oils for 
lard substitutes are not so fully hydrogenated as 
those for margarine A certain amount of fish 
oil of high iodine value is slightly hydrogenated 
to furnish liquid cooking fats for frying purposes 
The hydrogenated products have lost en 
tirely all fishy flavour but acquire during the 
process a characteristic odour, which is removed 
by blowing with steam 
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fissility may be partly due to the presence of 
mica along definite planes The best English 
flagstones are derived from the lower Coal 
Measures, the Millstone Gnt and the Yoredale 
rocks Most of the flags used for paving the 
streets of London are obtained from the York 
shire coalfield The Elland flagstone, which is 
extensively worked, is a fine grained micaceous 
sandstone from the lower Coal Measures, or 
garuster senes, extending with persistence 
through the coalfields of Yorkshire, Lancashire 
and Derbyshire In Scotland, the lower Old 
Red Sandstone yields paving slabs of very large 
size, the best known being the dark grey flag 
stones of Caithness and the Arbroath pavement 
of Forfarshire The celebrated Caithness flag 
stone is one of the most important economic 
products of the Old Eed Sandstone It is used 
locally as a building stone, and for use as stone 
flooring and staircases it has been exported to 
all parts of the world The extensive works for 
Liebig’s meat extract on the River Plate in 
South America are floored throughout with 
Caithness flags The stone is finely laminated 
tough and compact, and its cementing material 
is siliceous, argillaceous, calcareous and bitu 
mraous The last of these, derived from the vast 
number of fossil fishes, renders the stone im 
pervious to moisture Analysis of stone from 
the Castle Hill quames at Thurso, Caithness 
shire, gave SIO,, 69 45 A lj0 3 +Fe 2 0 2 , 

10 60, KjO+NajO, 2 20, CaCO s , 10 65, 
organic matter, 5 79% Weight per cubic foot, 
1571b 

L J S 

FLAKE or PEARL WHITE ( v Vol I, 

609d) 

FLAME. Although mankind has known the 
use of fire from very early times the precise 
definition of “ flame ’’ is a problem of some 
nicety Davy who gave a rational basis to the 
science of the subject described a flame as 
“ gaseous matter heated to such a degree as to 
be luminous ” Generally speaking, however, 
common gases will not glow as a result of simple 
’nesting at any Tate up to say “i.i/f/y vi Iodine 
vapour glows at a red heat but this is ascribed 
to dissociation of the molecules In flame 
production, chemical reaction causes heating 
and luminosity, but hydrogen and air can bum 
under conditions such that the flame is scarcely 
visible even in the dark There is an emission 
of radiation but outside the visible spectrum 
For practical purposes a flame is glowing gas, 
tbe glow being the accompaniment of chemical 
change This definition includes phosphorescent 
flames which may bo quite cool in comparison 
with the normal hot flame, and also the so called 

11 cool flames ’ 

The use of the word “ luminous ” as a cha 
ractenstic of flame needs qualification because 
in practice it is common to distinguish between 
non lnminous and “ luminous flames ” whereas 
all in some degree glow The so called “ Iummou3 
flames ” are characterised by the presence in 
the flame of suspended particles These hot 
particles have an emissive power greatly ex 
ceeding that of the tenuous gaseous medium in 
which they are immersed and so greatly increase 
the visible radiation from the flame as to justify 


a distinction from the relatively feebly glowing 
flame m which no solid particles are present 

A flame may be produced when chemical 
reaction occurs between gases or with the pro 
duction of gas provided that the liberation of 
energy is adequate The liberation of heat 
accompanying flame is usually considerable 
Examples are the exothermic union of CO and 
oxygen to form C0 2 or of hydrogen atoms to 
form molecules, the exothermic decomposition 
mto gaseous constituents of explosives such as 
guncotton, or of endothermic compounds such 
as acetylene mto its elements In pbospho 
rescent flames such as that of phosphorus, the 
energy liberated per gram molecule is quite 
considerable 

In recent years it has been found that “ cool 
flames ” may be propagated under certain con 
ditions of temperature aqd pressure The con 
ditions are low pressure and defective propor 
tions of oxygen at temperatures sufficing to 
initiate reaction but to permit the formation 
of intermediate products of oxidation only 
The reaction is accompanied by characteristic 
blue or green glows, but in general no high tem 
perature unless, as m some cases, the “cool 
flame " may be transformed mto an ordinary 
flame (See Explosions, Gaseous, Vol IV, 
pp 419 et seq ) 

It might be supposed that the chemistry of 
flames would be simple as the reactions often 
mvolve matter m its simplest form, and the 
reactions themselves are often of the simplest 
type This appearance of simplicity is illusory 
The reactions are so extremely rapid and intense 
that the course of the transformation of chemical 
mto kinetic energy of the gaseous products is 
still largely conjectural, for it cannot be followed 
by normal chemical analysis and the study 
demands the newest and most searching efforts 
of modem chemistry and physics 

In the region of temperature below but not too 
far below the ignition temperature where oxida 
tion proceeds at a moderate and controllable 
rate it 13 possible to examine the progress of 
combustion by chemical methods Tnus 
accumulated evidence to show the gradual oxida 
tion of hydrocarbons by stepwise hydroxylation 
(Bone and Townend, “ Flame and Combustion 
in Gases,” Longmans Green, 1927) 

The subject has been developed by the appb 
cation of the theory of reaction chains For 8U 
account of the extensive literature, see Semenoff, 
“ Chemical Kinetics and Cham Reactions," 
Oxford Press, 1935 , Hinshelwood, “ Kinetics 
of Chemical Change in Gaseous Systems,” 
Oxford University Press, 1926 and 1940, Lewis 
and von Elbe, ‘ Combustion, Flame and Ex 
plosions of Gases,” Cambridge University Press, 
1938, and Explosions, Gaseous, Ic 

Flames produced in the decomposition of 
single endothermic substances *have a certain 
interest In the case of acetylene, it is of 
practical importance for, while at atmospheric 
pressure the process is feeble, at higher pressures, 
e <3 over 2 atmospheres, the decomposition can be 
dangerously explosive In practice, the im 
portant flames are those produced by the 
reaction of a combustible substance with 
oxygen — usually in air — and unless otherwise 
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near but below those at which Same propagation 
takes place, as set out in Explosions, Gaseous, 
Vol IV, pp 419 e t seq 

The measurements of Dixon and Coward 
(JCS 1909, 95, 514) indicate the comparative 
ignition temperatures of common fuel gases with 
air and oxygen The gases were heated 
separately to the same temperature before 
meeting and the temperature when inflammation 
was observed was noted 

When ignition is effected by contact with hot 
surfaces, their condition is of great importance 
as indicated by the diversity of figures recorded 
An extreme example is given by the observation 
of W Davies (Phil Slag 1935, 19, 309) that an 
explosive mixture of CO and air is not ignited 
by contact with a platinum wire at 1,200°, 
although ignition occurs at higher and lower 
temperatures Thus, finely divided platinum 
at air temperature may accelerate the union of 
oxygen and hydrogen to such an extent as to 
cause a mixture of coal gas and air at air tern 
perature to ignite This device is used com 
mercially for the ignition of gas burners (L W 
Andrew, A B Densham and E W Voice, Trans 
Inst Gas Eng 1937-38, 87, Comm No 174,474) 

Similarly, spark ignition is influenced by the 
size and character of the spark 

Types of Flame 

A stationary flame may be produced by 
igniting an inflammable mixture as it issues into 
a neutral atmosphere, or by allowing one of the 
combining gases to i«sue from an orifice into an 
atmosphere of the other, and igniting the self 
made mixture at the orifice A third method is 
to allow a mixture with one gas in excess to 
issue into an atmosphere containing the other 
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AU these conditions are found in practice, and 
they merge into each other A flame of carbon 
monoxide in air lends itself readily to expen 
mental demonstration (Fig 1) 

If undiluted carbon monoxide be delivered 
from a c> hndneal tube under a gentle pressure 
into a still atmosphere of air, the flame which is 
formed appears to be a simple hollow blue cone 
resting upon the orifice of the tube (a) There 


is a perceptible gap of extinction between the 
end of the tube and the superimposed flame A 
finite interval of time is necessary before the gas 
finds sufficient air to make an inflammable mix 
ture and for this mixture to be ignited. 

The escaping gas makes its own mixture by 
interdiffusion with the surrounding air (“ secon 
dary air ”) and so the stream is burnt through 
from the periphery to the central axis as the 
gas ascends The central core of gas must rise 
some distance before reaching a supply of un 
consumed air and consequently the shell of 
burning gas takes a pointed shape, described as 
a “ cone ” When the velocity of issue is in 
creased, the stream becomes more turbulent 
and the shape of the flame increasingly dis 
ordered The combustion is determined by 
interdiffusion of carbon monoxide and air 

The addition of a small quantity of air 
(“ primary air ”) to the carbon monoxide before 
it issues from the orifice produces a noticeable 
effect upon the flame The cone dimuushes in 
height and seems to have a lining of brighter 
blue (6) With a little more air, the lining is 
seen to be a second cone within the first and 
consequently with a gentler slope The in 
dmduabty of this inner cone becomes apparent 
when the proportion of primary air mixed with 
the issuing gas is sufficient to bring the mixture 
well within the limits of “ inflammability ” (c) 
The mixture js, indeed, inflaming downwards, 
but as the rate of propagation does not exceed 
the upward velocity of the gas stream, the inner 
cone of flame cannot travel against the gas 
stream With more air, however, a greater rate 
of inflammation ensues and eventually the inner 
cone, after becoming more and more squat, 
enters the tube and travels against the gas 
stream, first rs a flat disc and then as a convex 
surface with the bulge downwards (d) Through 
out all these changes, the second or outer cone 
is maintained at the orifice of the tube by the 
combustion, m the external air, of the carbon 
monoxide in excess of that which the primary 
air suffices to oxidise in the inner cone or 
disc It loses in brilliance owing to its ffilu 
tion with the carbon dioxide and nitrogen which 
come from the inner cone If the primary air 
supply be increased until it can complete the 
oxidation of the carbon monoxide, the outer 
cone will disappear altogether (e) This, how 
ever, is not the end point, for an excess of 
primary air just like a defect diminishes the rate 
of inflammation, and consequently when the 
rate has been reduced below the velocity of 
the outflow of the gaseous mixture the single 
(inner) cone of flame will rise again to the 
orifice of the tube and remain there It »s to 
be noted that now the flame consists of only 
one film of burning gas The film is still conical, 
but it has considerable thickness and its lower 
boundary is also a corneal surface (/) The 
term “ solid " has been used to distinguish a 
flame of gas which is burning continuously 
throughout the whole or nearly the whole space 
included by its external surface from one which 
is burning in thin films and whose external sur^ 
face includes chiefly unburned gas , but a “ solid 
carbon monoxide flame is obviously a contra 
diction in terms, and the two types of flame 
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of fuel gas is surrounded by a concentric stream and rotational levels contribute to the total 
of air under conditions such as to retard inter energy of the system * 

diffusion, the combustion can be delayed The The temperature of the sodium vapour in 
velocities and densities of gas and air should electric discharge lamps appears to exceed 
approximate, if necessary by preheating the air 2,000° judged by brightness and to be only 
By this means so called “ diffusion 1 flames of one tenth of this judged by direct measurement 
great length and radiating area can be produced. Again the bright inner cone of the Bunsen flame 
and their properties have been studied by S P judged from the intensity of its radiation is the 
Bur he and T E Schumann (Ind Eng Chem hottest, whereas thermometnc measurement 
1928, 20, 998) Delayed aeration promotes shows it to be the coolest region of the flame 
bberation of incandescent particles over a large The inner cone is a region of intense chemical 
area Thi3 is useful for the rapid and uniform activity, the source of a visible radiation in ex 
heating of large furnaces Such flames may be cess of that emitted by the adjacent gases which, 
open, or formed in heat resisting tubes which judged by their translational kinetic energy, are 
radiate upon the furnace charge This device at least as hot 

helps the control of furnace atmosphere For a fuller discussion of the meaning of gas 

temperatures, see J G Bennett and M Piram, 
Flame Temperatures J 11131 Fuel, 1939, 12, 1-15, Special Issue 

March 12 

The defining and measurement of the tem The term “ flame temperature " is sometimes 
perature of gases presents difficulties which do applied to a figure calculated on the assumption 
not arise when dealing with solids and bquids that the known heat of combustion of the com 
If a thermometnc instrument is immersed in a bustible is distributed without loss among the 
solid or liquid until equilibrium is reached then a theoretical products of combustion There 
tolerably precise indication of temperature can figures are always arbitrary because they depend 
be obtained When dealing with gases in general on the nature and extent of the assumptions 
new features appear Gases, according to the made— the specific heats of gases at high tem 
kinetic theory, consist of molecules m linear perature, the degree of dissociation of the pro- 
motion and therefore charged with kinetic energy ducts into simpler molecular radicals or atoms 
of translation This energy can be measured Such calculations have a certain use in making 
by the pressure everted by a fixed quantity of estimates of comparative thermal intensity and 
gases on the walla of a confining vessel This usefulness of fuels The use of these calculated 
pressure is taken as a measure of the temperature “ theoretical flame temperatures ” is, however, 
of the gas, either by direct measurement or by bmited because they vary little for a wide range 
some instrument calibrated against the pressure of fuels The combustion of carbon with air to 
Gasesmay be charged with energy mother forms form CO, with its associated nitrogen gives 
e g that associated with the quantised electrome, about 000 calories per litre of gaseous products 
vibrational and rotational states of the con The combustion of hydrogen with air to form 
stituent molecules In a system in equilibrium, steam with its associated nitrogen gives almost 
the total energy of the system will be distributed exactly the same quantity of heat (net) per litre 
between these quantised states and the kinetic of products As most fuels consist of C and H 
energy of the molecules according to the Max m various atomic combinations, and having 
well Boltzmann law If the equilibrium is only small beats of formation, the composition 
disturbed, on appreciable time may elapse before of a fuel consisting essentially of carbon ana 
the energy is redistributed in the normal manner hydrogen has no large influence on the “ thermsl 
This is especially true of flame gases which are intensity," or * flame temperature " in this 
or have been in a state of intense chemical sense, of the products Actually the usefulness 
activity, and where chemical and physical of the fuel in practice will, in most cases, depend 
equilibrium may not be established In these on other considerations 

circumstances the temperature indicated by a Most flames are composed of or bounded by 
particular measuring instrument will depend thin films and their external surface encloses a 
on whether or not it is affected by energy of a quantity of unburned or partly burned gas It 
particular form As an example, a thermo is not customary to speak of the temperature of 
couple inserted in a stream of hydrogen con such a flame as meaning the average thermal 
taming free atoms would indicate a higher state of the burning films and the included gas 
temperature than that corresponding to a trans The temperature attainable by the combustion 
lational energy of the component molecules and of gas usually means the temperature which 
atoms, Bince the catalytic recombination of the would be indicated by a thermometnc uistru 
atoms on the surface of the wire would result ment wholly immersed and in thermal equiu 
in tho release of the chemical energy of reaction bnom with its surroundings m a specified region 
Similarly in a system in equihbnum, which is of combustion Such a temperature is obviously 
emitting radiation, one may determine the lower than the “ theoretical flame temperature 
temperature from a spectroscopic examination mentioned above Combustion is not instan 
of the radiation, eg by the distribution of taneous and energy is lost by radiation It u 
intensity in the vibrational and rotational difficult to ipake such measurements in thin films 
structure of a band spectrum When eqofli of flame , but is more practicable in “ volume 

bnnm is not attained, the temperature deter flames, produced by burning ready made mixtures 

mined b\ this means may be different from that of combustible gas and air , 

measured by the kinetic energy of the gas, but An extensive and critical account of the 
u none the less significant as the vibrational measurement of flame temperatures has been 
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and the utilisation of the radiant energy m m 
creasing the efficiency of heating processes 
Although the problem of the origin of the radia 
tion has attracted much attention, it is still un 
certain whether the process is thermal or chemi 
luminescent in character, or both, t e whether or 
not the energy states concerned m the emission 
are m thermal equilibrium with the remainder 
of the system according to the Maxwell Boltx 
man distribution law The conception of 
thermal equilibrium and the relation between 
the kinetic energy of the molecules and their 
electronic, vibrational and rotational energy is 
discussed in the preceding section on flame 
temperature In general it is to be expected 
that in the flame front where chemical change is 
most active, particular species may be formed 


m an excited state, giving rise to emission which 
is characterised as chemiluminescent In the 
outer regions of the flame the tendency will be 
for the establishment of thermal equilibrium 
consequent on the “ degradation " of “ ordered 
energy of chemical reaction and the radiation 
emitted will be thermal m character 
Experiments earned out to teat this point are 
not entirely conclusive Sphmidt (Ann Physik. 
1909, [iv], 29, 1027) made measurements of the 
spectral brightness m the infra red region of 
a coal gas flame m a Meker burner These 
measurements were made a short distance 
above the cone, and were considered to estab- 
lish the thermal nature of the infra red radiation 
in this part of the flame On the other hand, 
in “ cool ” flames, where visible hght is emitted. 
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the temperature as determined thermometncally 
is of the order of 300°C , and hence it would 
appear certain that the radiation is chemi 
luminescent The whole question merits further 
study, with particular reference to modem con 
ceptions of the significance of flame temperature 
discussed on p 240 

The distribution of energy through the 
spectrum has been examined for many flames 
An important fact is that the emission in the 
visible and ultra violet regions represents holy 
a very small part of the total energy emitted 

Almost all the radiant energy of the hydrogen 
flame is in the band at 2 8/x emitted by the water 
molecule Similarly, with the dry carbon 
monoxide flame, most of the energy is associated 
with the band at 4 characteristic of CO, 
When water vapour or hydrogen is present mi 


this flame, the water band at 2 8/t appears but 
the total radiation is greatly diminished In 
the caso of hydrocarbon flames as might be 
expected, both the C0 2 and H t O bands are 
observed in the ‘ non luminous ’ flames, while 
when the flames are “ luminous,” due to restne^ 
tion of primary air, sensibly “ black body 
emission from the incandescent particles of 
carbon is observed the position of the maximum 
emission being determined by the temperature 
of the flame according to the Wien displacement 
law 

The radiation from flame 13 important in 
practice because it supplements the transit 
of heat by convection while being free from its 
limitations It is particularly important m 
connection with the use ofgaseous fuels and mns 
be considered in relation to the structure anu 
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intensity, while the C0 2 bands and the con 
tinuous spectrum diminish With most hydro 
carbons bands of CH at 4,317, 3,888 and 3,140 a 
and of C a , the Swan bands at 4,737, 5,165 and 
5,635 A, etc , are emitted, together with the 
above mentioned systems In addition there 
occurs a complex and extensive system of bands 
m the near ultra violet and visible region first 
noted by Yaidya (i&td 1934, A, 147, 513) m 
the ethylene flame and hence known as the 
“ ethylene flame ” bands The emitter of this 
system is uncertain , Yaidya considered it to be 
the radical CHO, but others have suegested 
CHj (Bell, tbtd 1937, A, 158, 429) and HCHO 
(Kondrateev, Acta phys chim USSR 1936, 

4, 556, Smith, Proc Roy Sob 1940, A, 174, 

110) The continuous emission from mean 
descent carbon particles previously mentioned 
extends into the visible region to an extent 
depending on the flame temperature 

The relative intensities of these bands vary in a 
somewhat complex manner with the nature of 
the combustible, degree of aeration and the zone 
of the flame examined 

The spectra of certain special forms of flame, 
e g the ‘ cool " flame, and of the less usual com 
bustible substances, have also been the object 
of considerable investigation It is beyond the 
scope of the present article to deal with all these 
cases, but the hat of references given in the 
next column, indicating the nature of the flame 
and of the emission bands observed, while by 
no means exhaustive, should serve as a guide 
to the literature of the subject 

The conclusions which have been drawn from 
these observations are m many cases of doubtful 
value, as insufficient consideration has been 
given to the complexity of the mechanism of 
the emission of spectra in flames, and to the 
difficulty of interpreting the chemical processes 
from spectroscopic data This matter is dis 
cussed by E C W Smith (Proc Roy Soc 
1940, A, 174, 110) In spite of these limitations 
the observation of the spectrum is almost the 
unique source of information as to the part 
played hy free tadieala and eimdas reactme 
species in combustion processes In general it 
would seem that the spectra indicate some de 
gree of disruption of the combustible molecule 
followed by rearrangement to stable and semi 
stable molecules, which is not in accord with 
most current theories of combustion On the 
other hand, bo little is known of the nature of 
the kinetic processes involved, that it is doubtful 
whether any of the theories, “ hydroxylation,” 

“ peroxidation,” “ chain theory ” do more than 
give a representation of the mechanism which is 
more or less useful for particular purposes So 
little is known of the mode of transfer of the 
energy of chemical reaction that to attempt to 
prove that any particular theory represents the 
actual course of the molecular and atomic en 
countera ia quite useless In particular, little 
is known of the part plaj ed by radiation in the 
transfer of energy from reacting to unreacted 
molecules, and it would probably be possible 
to account for all known data on the assump 
tion that this energy is radiated in the far 
nitre violet and absorbed by the surrounding 
molecules 


Reference 

Flame 

Binds 

observed. 

Bell (Proc Roy 
Soc 1937, A, 
158, 429) 

CH 4 ] 

CH S OH 
CH S CHO ) 
H CHO 

C., CH, OH, 
CO„ “ Et 
flame ” 

CO„ OH. 

Emeteus (J C S 
1926, 2948) 

(C,h.) 2 o. 
Cool flame 

Normal 

flame 

Fluor escent 
bands of 
H CHO. 
Cj.CH.OH, 
‘Et flame’ 

Fowler and Ba 
da mi (Proc 
Roy Soc 1931, 
A, 133, 327) 

Hj in N a O 

Nfc, OH, 
NO,NHj(?) 

Fowler and Gre 
gory (Phil 

Trans 19J9, A, 
218, 351). 

NH S 

NH, NH a (?) 
NO. 

Fowler and 

Vaidya (Proc 
Roy Soc 1931, 
A, 132, 310) 

cs a 

HjS 

Sj.CO.SOj, 

s.,sb,so r# 

OH. 

Kitagawa tProc 
Imp Acad 

Tokyo, 1935, 
11, 262) 

Br a in H a . 

Br v 

Rassweiler and 
Withrow (Ind 
Eng Chem 

1932, 24, 628) 

Flame in 

cylinder 
head of 

petrol en 
gine 

Cj, CH, OH, 

‘ Et flame ” 

Vaidya (Proc 
Indian Acad 
Sci 1935, 2, A, 
352) 

Benzene 

Toluene 

Phenol 

Resorcmol 

Pyrogallol 

Benzalde 

hyde 

Benzoic acid 
Diphenyl 
oxide 

C 2 , CH, OH, 

‘‘ Et flame ” 


Aniline 

Nitro 1 

benzene J 
Pyridine J 

C 2 , CH, OH, 
Et flame," 
CN, NO. 


Products of Combustion 1 
When a fuel such as town gas bums in * 
flame with free access of air, combustion to 
COj and H a O is remarkably complete These 
major products of combustion are harmless, 
although in certain water heating installations 
provision must be made for the disposal of con- 

1 The chemistry of combustion and detail! of 
probable mechanism are discussed In the article 
txpLOSiOvs, Gaszovs, Vol IV pp 417 *t$tg 
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and that reduction to below 5 grams per 100 cu 
ft is desirable 

The commoner materials used in the construe 
tion of gas appliances may be placed in descend 
mg order of their resistance to corrosion by pro 
ducts of combustion under conditions where the 
water vapour simultaneously formed is almost 
completely condensed, as follows tin, solder, 
lead, aluminium, copper, brass, zinc and iron In 
the case of zinc the sulphur acids are almost 
quantitatively taken up Lead is peculiar m 
showing increased corrosion at low sulphur 
concentrations This is presumably due to the 
action of the small amounts of nitric acid formed 
by the oxidation of the NO produced during 
combustion, and failure to form a protective 
coating of lead sulphate 

Tests have also been made with the same 
materials under conditions of partial conden 
sation and re evaporation The materials re 
main m substantially the same order, but cor 
rosion is aggravated by local attack and the 
formation of localised deposits, some of them 
voluminous, such as would choke flue ways 
and interfere with combustion As might be 
expected, the deposits consist largely of basic 
sulphates of the metals named Apart from the 
question of sulphur it has been shown that great 
importance attaches to the composition of the 
furnace atmosphere m the heat treatment of 
metals, and that bright finished work cannot 
be economically produced in a “ reducing " 
atmosphere resulting from the indiscriminate 
admission of excess gas to the furnace 

References — Wood and Pamsh, “ Corrosion 
by Products of Combustion,” I (Trans Inst Gas 
Eng 1933-34,83, Comm 76,73), II, Wood and 
Pamsh («i>id 1934-35, 84, Comm 100, 246), 
III, Wood and Eastwood (t&id 1935-36, 85, 
Comm 121, 167), IV, Wood and Eastwood 
(ibid 1936-37, 86, Comm 140, 58), Wood 
and Taylor (ibid 1939, Comm 224), Mollett 
and Cobb, “ Scaling of Mild Steel in S free and 
S Containing Furnace Atmosphere ” (ibid 1935- 
36, 85, Comm 127, 609) , Fells, “ Use of Town 
Gas in the Steel Industry" (thief 1933-34, 83, 
Comm 87, 598) 

Combustion Characteristics 

As fuels are used to generate heat, the principal 
property of a fuel gas is therefore its calorific 
value, or the number of B Th U developed per 
cu ft of gas burned It does not follow that the 
gases with the highest C Vs are the most suitable 
for a public supply, in fact, constancy of C V is 
In practice more important than the precise 
value adopted 

Under the Gas Regulation Act, 1920, the 
initial selection of the calorific value of the gas 
to be supphed in any area in Great Britain was 
at the discretion of the local gas authority, with 
out restriction as to composition so long as the 
“ declared calorific value " is maintained By 
far the greater part of the gas now supphed has 
a C V- between 470 and 500 B Th U per cu ft , 
and there is a tendency to reduce the variety of 
declared calonfic values m use 

It is found, however, that constancy of C V 
does not necessarily ensure uniformity of per 


fonnance in gas appliances The manner of 
combustion of the gas vanes and these differences 
are loosely referred to as the “ combustion eba 
ractenstics " of the gases For some time the 
technicians of the gas industry have been 
seeking methods of defining and measuring 
“ combustion characteristics ' and expressing 
the property numencally Wood and Eastwood 
have prepared a cntical review of the literature 
of the subject, with an extensive bibliography, 
for the Joint Research Committee of the 
Institution of Gas Engineers and Leeds Uni 
versity (Trans Inst Gas Eng 1937-38, 86, 
Comm 166) 

Chemical composition fails as a criterion of 
combustion characteristics, as there is no simple 
and recognisable relationship between com 
position and behaviour on combustion , further, 
changes in composition, e g in the heavy hydro 
carbons, not detectable with certainty by 
ordinary methods of analysis, may cause sigiufi 
cant differences m the manner of combustion 
Small quantities of accelerators or retarders, too 
small to measure directly, may also be present 
The “ C Function ” put forward by the American 
Gas Association is a criterion or combustion 
characteristic which can be calculated from the 
chemical composition of the gas (ibid ) 

Density or specific gravity is a most important 
physical property of a fuel gas, since variations 
in density affect both thermal delivery and the 
degree of primary aeration of atmospheric 
burners Close regulation of both these proper 
ties (CV and density), however, does not of 
itself guarantee uniformity of performance in 
es For this reason the Wobbe 
Calonfic Value 
VSp Gr 

Continent, is only of limited service as a com 
bustion characteristic (see review by Wood and 
Eastwood, l c p 60) 

The behaviour of a gas burner is closely related 
to the flame speed curve of the gas (q v ), but this 
curve does not give a single numerical value 
charactenstic of the gas The maximum flame 
speed is unsuitable for characterising the gas 
since atmospheric burners do not normally work 
at air gas ratios corresponding with the maxi 
mum flame speed of the gas used, hut at a lower 
valne where flame speed is very sensitive to 
changes in air gas ratio An interesting and 
useful derivative of the flame speed curve, 
Minchin’a “ D Function," is described in the 
review mentioned, p 65 

In view of the defects of the criteria of com 
bustion outlined above, the idea of observing 
the behaviour of gases in carefully standardised 
Bunsen burners has led to soveral attempts in 
this direction The results are composite and 
empirical, and reproducibility depends upon 
the production of the test burners to very exact 
dimensions and their use under carefully stan 
d&rdised conditions 

Thus, Ott (Wood and Eastwood, l c p 44) 
opened the graduated air shutter of his burner 
until the flame was either unsteady (FZ — • 
Flackerzabl) or actually struck back (RZ— 
RficLschlagzahJ) and the corresponding reading 
was recorded as the “ Ott Number " of the gas 
and is extensively used on the Continent Hawes 


appuanc 
Index, i e f 


, popular on the 
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be covered by the standard burner working in 
the normal fashion for given conditions of gas 
supply The three principal constituents of 
t-own gas, hydrogen, carbon monoxide and 
methane show a remarkable diversity in the 


shape and extent of the boundaries of their 
combustion and aeration diagrams, and on this 
basis the paper referred to indicates the reasons 
for the suitability and unsuitability of numerous 
mixtures proposed for town gas supplies 



Thermal Input to Burner 
Fra 6 

{Reproduced by permit rum of the Institution of Got Enyinetrt ) 


Flame Speeds — -In burners of the Bunsen 
type the stream of gas issuing from the jet 
causes air to be drawn into the burner, and it is 
the character of the resulting air gas mixture, 1 
particularly as regards rate of flame propagation, : 
winch determines the behaviour of the burner i 
Results are generally presented in the form of 
curves showing the relation between the rate of | 
flame propagation and the composition of the 1 



(1) Each curve exhibits a pronounced maxi 
mum 


(2) There is a remarkable difference in the 

maximum rate of flame propagation for 
individual gases, that for hydrogen being 
approximately seven times that for 
methane 

(3) For all curves the maximum rate of flame 

propagation is not attained when the air 
and gas are in the proportions theo- 
retically necessary for complete combes 
tion, but when there is an excess of 
combustible gas 

(4) The limits of composition of the air gas 

mixture within which flame propagation 
will take place are very different for the 
individual gases (see * Limits of In 
flammability,’ p 237) 

(o) The curves do not reach the base line but 

for mixtures at the limits of in flam 
inability 

The curves shown in Fjg 7 were obtained by 
the “ Static ” method, t e. by observing the rate 
of flame travel in a homogeneous stat onary mix 
ture confined m a horizontal glass tube 2 5 cm 
diameter There is an alternative ‘ Dynamic ” 
method of determining flame speeds due to 
Gony which is perhaps of greater importance to 
burner designers, depending upon the measure 
ment of the dimensions of the inner cone of a 
Bunsen flame fed with a homogeneous mixture 
of gas and atr of known composition The 
flame speed is given by 


urVr'+A’ 

where V = flame speed in cm per sec 

Q *=rate of mixture flow (air+gasj e.c» 
per sec 

r ■= radius of burner mouth {internal) 
cm 

A *»heigbt of inner cone in cm 
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The formula used is • 

1,658 5 X VH~d 
Q(r+i)(i4 1) 

where It ^momentum ratio constant 

X *= cross section of burner pipe in sq ms 
H >=gas pressure, ins water gauge 
d =8p gr of gas (air=l) 

Q ^=gas rate in cu ft per hour 
r ^primary air gaa ratio 

In normal British practice with low pressure 
burners a primary air gas ratio of 2 to 2 5 is used, 
or somewhat less than half the theoretical air 
requirement of the gas With slow burning 
gases such as natural gaa a lower outlet velocity 
is required and air gas ratios of 4 1 and 6 1 are 
easily achieved 

It should be observed that in most cases the 
air gas ratio of a burner falls as the burner 
becomes hot, reductions of 25% being common 
Types of Flames and Burners — The non 
aerated or luminous typo of flame is now rarely 
used for the sake of the light it emits, but the 
original rat tail and flat flame burners still find 
extensive application The gas is caused to 
expose a largo area in both cases and the whole 
of tho air required for combustion is supplied 
by diffusion as secondary air It must bo em 
phasised that luminous flames of the type men 
tioned develop precisely the same amount of 
heat per unit of gas burned as do those of tho 
Bunsen type They cannot, however, be used 
where flame contact is likely to occur owing to 
] deposition of soot On the other hand, they can 
be turned very low without extinction or back 
fire and thus possess considerable advantages 
over the aerated type of flame where thermo 
static control of heating is employed, as in auto 
matic water heaters Quito recently the luminous 
flame has been re adapted to use in gas fires 
Diffusion flames havo already been referred to 
and find application almost exclusively in 
furnace practice 

in surface comVmtaun appliances a TmxVare 
of gas and air in practically theoretical proper 
tions is produced mechanically — usually with 
the aid of a small fan for the air supply — and is 
forced through a porous refractory diaphragm 
The surface of the refractory material attains a 
bright red heat and such devices have found 
widespread uses Combustion is substantially 
complete when the air is some 5% in excess of 
that theoretically necessary for combustion, but 
the rate at which the combustible mixture can 
be supplied is subject to certain limitations If 
fed too quickly the mixture burns on the exit 
face of the refractory slab which remains cold , 
and if fed too slowly the slab gradually becomes 
red hot throughout and ignites the explosive 
mixture on the inlet side According to measure 
ments by Wood and Howarth using surface 
combustion gnllers and water heaters, the per 
musible rate of beat development was of the 
order of 36,000 B Th U per eq ft of combustor 
surface per hour for a town gas of 470 B Th U 
per cu ft Surface combustion has been claimed 
to accelerate combustion in certain types of 
furnace where the air gaa mixture does not pass 
through a diaphragm but is caused to impinge 


violently upon a rough bed of refractory 
material 

The forms taken by the aerated or Bunsen 
type of burner are too numerous to mention, their 
shapes and sizes being dictated by the purpose 
for which they are intended To deal with gases 
of different qualities they are usually provided 
with adjustable gas nipples and air shutters, 
although if gas quality is standardised and 
governors provided these means of adjustment 
may be dispensed with 

As has been pointed out already the ordinary 
aerated burner takes m only about half the air 
necessary for the combustion of the gas as 
primary air, and attempts are continually being 
made to increase the air gas ratio with a view 
to securing more compact and hotter flames 
The pnncipal means adopted are to use better 
finished and accurately centred injectors, 
carefully shaped air intakes and Venturi tubes 
for tho burners, and tho insistence upon a better 
degree of finish for the internal passages of the 
burners so that resistances to the flow of the 
air gas mixture shall be reduced to a minimum 
The laboratory Meker burner is an example of 
an improved low pressure burner in which these 
principles are applied, the air gas mixture 
making its exit through a deep metal grid in 
the head of the burner and the individual flames 
coalescing to form a compact, solid and very hot 
flame The air gas ratio is higher than that in 
the ordinary Bunsen burner, reaching 00% of 
the theoretical air requirement of the gas, 
according to Wood and Howarth 

In order to secure a higher flame temperature 
resort is sometimes had to preheating the air 
gas mixture on its way to the burner head 
Examples of this wdl be found in street lighting 
burners and many industrial burners If it is 
necessary to reach higher temperatures than are 
realisable in low pressure burners, higher air 
gas ratios can be achieved by tho uso of specially 
designed high pressure gas burners in winch 
either the gas pressure is increased to about 72 in 
v: vk ’A i 'in/hm yitwaii, 

The theoretical air gas mixture may also be 
produced entirely by mechanical pre mixture 
as in the Selas system 

The temperature reached in tho flame may also 
be increased by the use of oxygen or air enriched 
with oxygen, tho limiting case being the well 
known oxy acetylene cutting and welding burners, 
where the endothermic character of the acetylene 
augments the effect still further (e Vol I, 112) 

Aerated flames have also been used in “ aub 
merged ” burners for water heating purposes, 
the direct contact between the water and the 
flames giving higher thermal efficiencies than 
when the heat has to bo transmitted through the 
wall of a container as in normal practice 

In considering modem developments in the 
application of flames attention should bo called 
to the exactness and ease with which heat can 
be supplied and controlled, and the cleanliness 
and compactness of the equipment There is 
also a tendency to render the burners self acting 
by the provision of automatic thermostatic 
control and of such conveniences as clock 
controlled, catalytic, or electrical ignition 

II J H , E C W £. and J W W. 



252 


FLASH LIGHTS 


Many mixtures containing aluminium as 
ingredient are rendered more rapid m their 
combustion by the addition of silica, -while their 
rate of combustion may be retarded by the 
introduction of regulated quantities of car 
bonates of alkalis or alkaline earths or oxides of 
the latter Thus the above mixture may be 
converted into a slow burning “ time ” mixture 
by the addition of 2 parts of an alkaline earth 
oxide or carbonate 

Flash powders are now frequently loaded 
into small cases or cartridges, ignition of the 
mixture being effected sometimes by an electnc 
arrangement and sometimes by means of an 
inserted strip of magnesium ribbon In the 
former case, the two electric wires are fixed into 
the cartridge, with either a short spark gap or 
joined by a fine incandescing wire 

One of the many patented cartridges has a 
case wluch is itself inflammable It consists of 
a short celluloid cylinder closed at the bottom 
with a cork saturated with collodion, and at the 
top with a disc of cork saturated with an 
emulsion of magnesium Through this there is 
inserted a short strip of magnesium nbbon 
which, on ignition, starts the combustion of the 
charge 

A number of contrivances have been devised 
for producing a rapid succession of flash lights 
for purposes of cinematograph photography 
These consist essentially of mechanical devices 
for the intermittent feeding of metallic mag 
nesium against the two metal terminals of an 
electnc circuit 

A St H B 

FLAVAN1L1NE, 2 p - aminophenyl 4 
methylquuiolme 

CH, 


NH, 


u formed by th& action of zinc chloride on 
acetanilide at 250-270° (Fi9her and Rudolph, 
Ber 1882,15,1600, GP 19766), by the action 
of acetic anhydride on amhne salts at 180-200° 
(G P 27948) , by heating acetophenoneoxime at 
60° with P t O« (Goldschmidt, Chem Ztg 1903, 
27, 279) , and by usual methods from quinoline 
derivatives FJavamhne has m p 97°, is spannglv 
soluble in water but dissolves readily in acids to 
give yellow green solutions 
FLAVANONE or DIHYDROFLA- 
VONE, I, is produced when 2 hydroxychal 
kone is digested at the boiling temperature 
with alcoholic mineral acid (v Kostanecki and 
Szabrafiski, Ber 1904, 37, 2634), and this is the 
method generally adopted for the synthesis of 
flavanone derivatives Flavanone is also readily 
obtained in 80% yield (Lfiwenbein, tiid 1924, 
57, [B], 1515) by adding excess of aqueous 
Sodium hydroxide (1-2%) to a warm alcoholic 
■olut ion of o-hy dr oxy chalkone 
On hydroly sis, the flavanones y ield chalkones, 
a reversal of the reaction given above The 
reaction in these cases is not unidirectional, and 
the conversion of flavanone into chalhone, or 
chalkone into flavanone, is never complete 


Though as a rule a chalkone only is obtained 
by the interaction of a hydroxyacetophenone and 
a benzaldehyde derivative, in certain instances 
the corresponding flavanone is directly produced 
Thus, condensation of gallacetophenone di 
methyl ether with benzaldehyde in presence of 
sodium hydroxide yields 7 8 dimgthoxyflava 
none (Woker, von Kostanecki, and Tambor, 
Ber 1903,36, 4235) 



According to Shinoda and Sato (J Pharm 
Soc Japan, 1928, 48, No 558, 109) who em 
ployed the method of Behn (Chem Zentr 
1898, I, 1223), condensation of derivatives of 
cmnamoyl chlonde with resorcinol in nitro 
benzene solution in presence of aluminium 
chlonde gives chalkones, whereas with phloro 
glucinol the mam products are flavanone 
derivatives For example cmnamoyl chlonde 
and resorcinol yield in this manner 2' 4' di 
hydroxychalkone, whereas with phloroglucmol, 
6 7 dihydroxyflavanone and 2 4 6' tnhydroxy 
chalkone are obtained 

Flavanohe crystallises in small colourless 
needles, m p 75-76°, and is reduced by alumi 
mum amalgam in neutral alcoholic solution to 
flavanol (4 hydroxyflavane) m p 119° (corr ) 
(Freudenberg and Orthner, Ber 1922, 55, [B], 
1748) The pivacone 

CHPh x 


CHPh— CH, 




I 


CH,- 


'So 


C(OH) C(OH) — C g H, / 

is formed as a by product The reduction of 
flavanone With titanouB chlonde (Karrer, Yen 
and Reichstem, Helv Chim Acta, 1930, 13, 
1308) is said to yield the isomenc flavanols 
melting at 148-149° (corr) and 120-1205° 
(corr) respectively, the latter evidently being 
the flavanol obtained by Treudenbcrg and 
Orthner (ie) A small amount of the corre 
spondmg pinacone is also obtained dunng this 
reaction 

Flavanones, flavonea and flavonols can bo 
distinguished by their behaviour on reduction 
(Asahina and Inubuse, Ber 192S, 61, [BJ 1646) 
Thus, the hydroxyflavonoLs give red dyes only 
with magnesium and hydrochlonc acid, the 
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FLAVINDULINE, 



the cMonde is formed by heating phentra 
qumone with o aminodiphenylamine hydro 
chloride (G P 79570) According to Hantzsch 
(Ber 1900, 33, 291) the pseudo base must be 
formulated with hydroxyl on carbon atom 3 as 
condensation with compounds containing reactive 
methylene groups gives products of the type 



Flavinduhne salts themselves dye mordanted 
cotton yellow 

FLAVINDULINE O (v Vol I, 5706 
6726) 

FLAVINE (v Vol I, 1346) 
FLAVOGALLOL, C 21 H 8 0 1S , is obtained 
by heating a solution of gallic acid in 80% sul 
phunc acid with arsenic acid at 120° for 6 hours 
(Bleuler and Perkin, J C S 1916, 109, 631) It 
forms hair like yellow needles which carbonise 
without melting and are sparingly soluble in the 
usual solvents but soluble in sodium hydroxide 
solution with an orange yellow colour 
By the action of sulphuric acid it yields the an 
hydrosulphate, C„H t O n ,H t S0 4 orange yellow 
prisms, the tripotassium salt, C 11 H 5 0, 2 K 1 , 
prepared with alcoholic potassium acetate, forma 
an orange coloured crystalline powder With 
boiling aniline, flavogallol yields the anilide, 
CjjHjOj! NH CgH s , yellow needles, mp 


OH OH 



I 


above 345® Hexabenzoylfiavogallol forms yellow 
Pnsms, m p 326-328°, and hexa acetylflavogallol, 
small prismatic needles, melting at 278-280° 
(decomp ) 

When hexa acetylflavogallol is hydrolysed by 
means of acid m presence of ethyl or methyl 
alcohol, ethyl fiavogallonate, C^H^O™, pale 
yellow needles, or methyl fiavogallonate, 
C 22 H la 0 ls respectively, is produced By 
gentle treatment with 30% potassium hydroxide 
solution, flavogallol yields " fiavogallonic acid, 
C 21 H 1» 0 1S' needles, m p above 300°, and this, 
when acetylated, is converted into acetyl 
flavogallol 

The more energetio action of potassium 
hydroxide solution gives fiavogallone, C 20 Hj 0 O„, 
minute needles, which with acetic anhydride 
forms the acetyl compound, 0 31 H 21 O 1B leaflets. 
Dip 257-259° 

When flavogallol is methylated with alkali 
and methyl sulphate and the product is digested 
with 5% potassium hydroxide solution, two 
apparently isomenc acids, C 2 ,H 4 O 5 (OMe), 0 
(«) colourless prisms, m p 206-208°, and (o), 
m p 238-240°, are obtamed, and these both appear 
to be produced by the addition of 3 mol of water 
to flavogallol and subsequent methylation of 
10 hydroxyl groups These acids give dimethyl 
esters of the formula 

C lt H ss O n (COOMe) t 

(a) melting at 128-130°, and (6) at 86-87® The 
acid, m p 206-208°, loses one methoxyl group 
by digestion with alcoholic potash at 175° 
forming the acid C 28 H 8l) O u (COOH) 2 gbsten 
nig leaflets, m p 183-184° 

These reactions suggest the presence in 
flavogallol of an ellagic acid nucleus, and 
Bleuler and Perkin (1 c ) tentatively suggest the 
formula 



for this colouring matter If this should prove 
correct, fiavogallonic acid, fiavogallone and the 
dlcarhoxyhc acid, m p 206-208°, will possess 
structures (I), (II) and (III) respectively 


OH HO 



II 


Med 

Mei 


iCOOH MeOf 


OMi 

D 


OMe OMe 

; OMe MeOj^^OMe 
CO- 


HOO' 

ni, 


I — co — 


lOMe 


) 
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(4) Dehydrogenation of flavanone with phos 
phorua pentachlonde gives flavone (Lowenbem, 
tbid 1924, 57 [B], 1515) This reaction has 
been applied by Hatton (Bull Chem Soc- 
Japan, 1927, 2, 171) to the synthesis of sub 
stituted flavones 

(5) For the synthesis of flavones, Ruhemann 
(Ber 1913, 46, 2188) employed the esters of 
0 hydroxyarylcinnamic acids prepared by the 
interaction of esters of phenylpropiolic acid 
with sodium phenolates 

CjH 5 C CCOOR+NaO C,H, 

-C*Hj C(OC fi H i ) CNa COOR 
These esters are readily transformed into the 
free acids, the chlondes of which yield the cor 
responding flavones when heated with aluminium 
chloride Thus, flavone is produced in this 
manner from fi phenoxycinnamic acid 



Chloroflavones have been prepared in a 
similar manner (Ruhemann, ibid 1921, 54 [B], 
912) 

(6) von Pechmann and Duisberg (ibid 1883, 
16, 2119) found that condensation of phenols 
with /? hetomc esters m presence of sulphuric acid 
yielded a pyrone (coumann) denvativea, e g 
the preparation of methylcoumann from phenol 
and acetoacetic ester 


128, N 908) and Chakra varti (J. Indian Chem 
Soc 1931, 8, 129, 407, 619 , 1932, 9, 25, 31, 389) 
who show that the reaction is not of general 
application Chakravarti observes that only 
those phenols which react with difficulty or do 
not react at all with /? ketomc esters in presence 
of sulphuric acid to form coomanns, yield 
chromones in presence of phosphorus pentoxide 

Jacobson and Ghosh (J C S 1915, 107, 424, 
959, 1051) and Ghosh (ibid 1916, 109, 105) 
claimed to have prepared benzo-y pyrone3 by 
condensing phenols with fi ketonic esters or 
mtnles m presence of condensing agents such as 
zinc cblonde, sulphuric acid, or hydrogen 
chlonde These condensations, however, were 
shown by Baker and Robinson (ibid 1925, 127, 
1981) and Baker (tbtd 2349) to lead to a pyrene 
derivatives 

Agam, the substance obtained by Meyer (J pr 
Chem 1903, [u], 67, 342) fay condensing benzo 
acetodmitriJe with resorcinol m presence of 
hydrogen chlonde, and considered by him to bo 
7 hydroxyflavone, was snbsequently proved by 
Sonn (Ber 1918, 51, 821) to be the isomeric 
7 hydroxy 4 phenylcoumann 

(7) Simoms and Damschewski (ibid 1926, 59 
[B], 2914) synthesised chalkones, flavanones 
and flavones by an application of the Fnedel 
Crafts reaction Thus, quinol dimethyl ether, 
phenylpropiolyl chlonde and aluminium chlonde 
m molecular proportions give 2 5 dimethoxy 
phenyl /3 phenylethinyl ketone This is con 
verted by a further molecule of aluminium 
chlonde into 2 hydroxy 5 methoxyphenyl 0 
chlorostyryl ketone, transformed by sodium 
hydroxide into 6 methoxyfl&vone 

M Jj 0Me +c,occ <3 


0 OH EtO CO f / ~ S Y° N ' co 

+ tnH I in 

HO CMi ^ 

On the other hand, Simoms and co workers 
(ibid 1913, 46, 2014, 1914, 47, 692, 2229) 
obtained y pyrene (chromone) derivative? by 
employing phosphorus pentoxide as condensing 
agent Thus, condensation of phenol and 
benzoylacetic ester in this way yields flavone 


''.OH HO 


CH 

I 

EtO-CO 


tO 




The Simoms reaction has been examined by 
Robertson and co workers (J C.S 1931, 1255, 
1877, 2426. 1932. 1180, 1681, Nature, 1931, 



(8) Flavone and flavonol derivatives have 
been synthesised by Robinson and collaborators 
(JCS 1924,125,2192 et teg) by aroylation 
of substituted o hydroxyacetophenones Thus, 
a mixture of resacetophenone, benzoic anhydride 
and sodium benzoate, when heated at 189-185°, 
gives a product from which 7 hydroryflavone 13 
obtained by hjdrolysis It is suggested by 
Baker (ibid 1933, 13S4) that the reaction pro 
ceeds through the following stages (a) estenii 
cation of the phenohc hydroxyl group, (b) closure 
to a 2 hj droxy flavanone (I), and (c) loss of a 



253 


TLAVONE 


lating the glycoside and comparing the absorp 
tion curve of the product with those of the 
acetyl derivatives of the isomeric hydroxy 
flavones 

The position of the sugar group in flavone 
and flavonol glycosides may be determined bj 
hydrolysing the completely methylated glj 
costde, the point of attachment of the sugar 
nucleus is indicated by the position of free 
hydroxyl group in the product Thus, xnethyla 
tion of myricitnn and hydrolysis of the product 
yields myricetin 5 7 3 4' 5' pentamethyl ether, 
indicating that the rhamnose residue in the 
glycoside is in tho 3 position 
According to Asahina and Inubuse (Ber 1D28, 

61 [B], 1646), flavones, flavanones and flavonols 
can be distinguished by their behaviour on 
reduction Thus, the hydroxyflavonola give 
red dyes only with magnesium and hydrochloric 
acid, the hydroxyflavones only with sodium 
amalgam, whereas the hydroxj flavanones react 
with both acid and alkaline reducing agents 
Shinoda (J Pharm Soc Japan 1928, 48, 35) 
describes the colour reactions of flavone, 
flavanone and flavonol derivatives on reduction 
with magnesium and hydrochloric acid in 
alcoholic solution Reduction of flavone and 
flavanone derivatives with sodium amalgam 
gives the cofresponding anthocyamdins, e g 
acacetm (5 7 dih>droxy 4 methoxyflavone) is 
converted into acacetimdin in this manner 
(Asahma, Nahagome and Inubuse, Ber 1929 

62 [B], 3016) 

By reducing flavone with titanous chloride at 
the ordinary temperature, Karrer, Yen and 
Reichstem (Helv Chim Acta, 1930, 13, 1308) | 
obtained a small amount of the pmacone 
. ,CPh=CH HC==CPh\ 

0< I I y>0 

^C e H 4 — C(OH)— C(OH)— C,H 1 

Bogert and Marcus (J Amer Chem Soc 
1919, 41, 83) prepared 2' , 3' and 4' amino- 
flavones by nitrating flavone and reducing the 
mixed mononitro flavones 

Diflavone 

This substance was prepared by Kjan and 
O Neill (Proc Roj Irish Acad 1916, 32, B, 
48, 167) by interaction of benzaldehyde and di 
acetoresorcinol The resulting dichalkone (III 
yields the tetra bromide on brommation. 



followed by boiling hydrochloric acid, yields di 
benzoylacetoresorcinol dimethyl ether (V) from 


Qco CH, CO 1 - 


0 


tO CH. Co/ 


which diflavone is obtained 63 the action of 
liydnodic acid (Algar and Hanu ay, tbid 1934, 
42, B, 9) Hydrox3 r diflavones are synthesised 
in a similar manner 

Employing the Aflen-.Robinson method, Wittig 
(Ber 1926, 59 [B], 116) prepared 3 3' dimethyl 
diflavone by benzoylation of 4 6 dipropionyl 
resorcinol and treatment of the product with 
boiling dilute sodium hydroxide solution Di 
flavones have been synthesised m a similar 
manner by Gulati and Venkataramau (J C S 
1931, 2376) and Algar, McCarthy and Dick 
(Proc Roy Irish Acad 1933 41, B, 155) 
Diflaione, pale yellow needles m p 280-281°, 
resembles flavone in its general properties and 
dissolves in concentrated sulphuric acid forming 
a 3’ellow solution which exhibits a brilliant blue 
fluorescence Natural colouring matters of this 
group are at present unknown 

A G P and E J C 
isoFLAVONE Whilst derivatives of 
flavone (2 phenylchromone) aro found wid< 
spread in nature, few derivatives of tsofhvom 
(3 phenylchromone) 


CO — 


have, as yet, been isolated frdrn natural sources 
Although rinncmore (Pharm J 1910 [iv], 31 
604) had suggested an isoflavone structure for 
pruneto], obtained from a variety of Prunus 
bark, it was not until Baker and Robinson 
(JCS 1926, 2713) synthesised methylgemstcm 
(raethylprunetol dimethjl ether) that conclusive 
proof was afforded that taoflavone derivatives 
occur in nature 

troFIavone derivatives have been synthesised 
by Baker and Robinson (1 c , JCS 1925, 127, 
1931, 1928,3116, 1929, 152) by the interaction, 
at 170-180°, of derivatives of 2 hydroxyphenyl 
benzyl ketone with a mixture of the anhydride 
and sodium salt of an appropriate carboxylic 
acid, subsequently hydrolysing the product 
tor example, 2 4 6 tnhj droxyphenyl benzjl 
ketone (I), acetic anhydride, and sodium 
acetate yield ultimately 5 7 dihydroxy 2 methyl 



IV. 

and this is converted into dif atone (IV) by 
treatment with alcoholic potassium hydroxide 
The tetra bromide of 4 C-dibenzyhdenediaceto 
resorcinol dimethyl ether (III, R»Me), when 
? boiled with methyl alcoholic sodium methoxide 
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FLAVONOL Derivatives of flavonol, 3 
hydroxyflavone 


rr ? i 

\6 /N4/ 1, 



(galangin monomethyl ether) (II) is obtained by 
hydrolysis 

HO/ / 'NoH 

l Jco CH.(OMe) 

HO 

I 


form an important subdivision of the large group | 
of yellow colours derived from flavone 

I or the synthesis of flavonol and its derivatives I 
the following general methods have been 
employed 

Treatment of flavanones with amyl nitrite 
and hydrochloric acid in alcoholic solution 
yields tsomtroso flavanones and these aTe con 
verted into flavonols with elimination of | 
hydroxylamine by boding with dilute acids 
(von Kostanecki and Sz a bran ski, Ber 190-1, 37 
2819) 




By treating o hydroxyphenyl styryl ketones 
dissolved in hot alcoholic potassium hydroxide 
with hydrogen peroxide, Algar and Flynn 
(Proc Boy Irish Acad 1934 42B, 1) obtained 
flavonols m good yields Thus o hydroxy 
phenyl 4 methoxystyryl ketone (III) yields 4' 
methoxyflavonol (IV) when treated m this 
manner These authors suggest that the first 



III 





+ NH a OH 



According to Auwers and Muller {ibid 1908 
41, 4233), flavonols ire produced by heating 
(he dibromides of bcnzyhdenecoumaranones 
with alcoholic potassium hydroxide The re 
action probably proceeds according to the 
-RT.hfime 



Bobinson and his co workers (J C S 1924 125 
2192, et «tq ) have synthesised flavonols by 
aroylation of substituted w methoxy (or 
to benzoyloxy ) o hydroxy acetophenones For 
example, a mature of e> methoxy phloraccto 
. phenone (I) sodium benzoate and benzoic 
y* anhydride, when heated to 180°, yields a product 
from which 5 7 dihytlroxy 3 methoxy flax one 


stage of the oxidation is possibly the formation 
of a transitory ethylene peroxide 


which would probably yield the flavonol by ring 
closure The reaction might also be explained 
by assuming the formation of a glycol as inter 
mediate product On the other hand, Oyamada 
(J Chem Soc Japan 1934 55 1256) who 
prepared flavonols in a similar manner, considers 
that the o hy droxj chalkone is first jsomerwed 
to the flavanone which is then oxidised to the 
flavonol this conclusion is supported by the 
observation that o hydroxychalhone yields 
flavanone with alkali alone, and flavanone is 
converted into flavonol by means of alcoholic 
hydrogen peroxide According to Murakami 
and Irio (Proc Imp Acad Tokyo 1935, If, 
229), o hy droxy chalkone in methyl alcohol is 
converted hy alkali (2N sodium hydroxide, 
triethylamine, or dilute aqueous ammonia) and 
hydrogen peroxide at room temperature into a 
mature of flavonol and dihydroflavonol, the 
latter being the mam product Flavanone is 
oxidised by these reagents to flavonol 
Whereas Algar and Flynn (I e ) obtained 
flavonols in very small yields by treating 3* 
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perties in this respect from quercitrm (quercetin | 
3 rhamnoside) 

For an account of the absorption spectra of 
flavonols and flavonol glycosides, and of the 
method of determining the position of the sugar 
group in the latter, see Flavone 

According to Asahina and Inubusc (Ber 1928, 
61 [B], 1646), flav ones, flavanones and flavonols 
can be distinguished by their behaviour on 
reduction (see Flavone) The reduction of a 
flavonol to the corresponding anthocyamdin was 
first accomplished by WiUst&ttcr and Mallison 
(Sitzungsber Preuss Akad Wiss Berlin 1914, 
12, 769) who obtained a very small yield of cyan 
idin chlonde by reducing quercetin in methyl 
alcoholic hydrochloric acid with magnesium and 
mercury Interesting also is the fact that 
Freudenberg and Kammuller (Annalen 1927 
451, 209) prepared dl epicatechm pentamethyl 
ether (see Catechu or Cutch) from quercetin 
pentamethyl ether by catalytic reduction 

Diflavonol 

Algar and Hurley (Proc Roy Irish Acad 
1936, 4315 83) were unsuccessful in their 
attempts to synthesise diflavonol by the 
methods employed by von Kostanecki and 
Szabrafiski, Auwers and Muller, and Robinson 
for the synthesis of flavonols Following the 
method of Algar and Flynn, however, dichal 
kones of the type (X , R=C 8 H 5 etc ) were con 
verted into diflavonols (XI) by treating a eus 
pension of the dichalkone m aqueous alcoholic 
Bodium hydroxide with hydrogen peroxide in 
the cold 



Dijlaionol crystallises from boiling cyelo 
hexanono in yellow prisms, m p 323°, and gives 
r brown coloration with alcohobc feme chloride 
Its y ellow solution in concentrated sulphuric acid 
exhibits a green fluorescence on standing Dt 
acelyldtjfatonol forms colourless needles, m p 

A G P and E J C 
FLAVOPHOSPHINE (t \ol I 1336) 
FLAVOPURPURIN (i \oI I, 224e) 
FLAVORHODIN riavorhodtn occurs m 
minute quantity, together with several other 
carotenoid pigments, in a species of purple 
bacteria The separation of pigments wag 
effected by partition and chromatographic 
methods 1 Ia\ orhodin separates from alcohol 

in yellow cry staK pi p 111-113°, it is epiphasic 
and exhil its absorption maxima at 5 030, 4,720 
and 4,410t (m carbon disulphide) (Karrer and 
Eolmssen Heir Chim \eta I9T5 18 1*506, 
Kamr Solm« n and Koenig t6»l 1W 21, 
451) 


FLAVOXANTH IN (see Carotenoids) A 
xanthophyll, C 40 H BS O 3 , obtained from the 
yellow sepals of the buttercup ( Ranunculus acer) 
m which it occurs in admixture with other 
xanthophylls and xanthophyll esters Isolation 
of flavoxanthin was effected by partition and 
chromatographic methods It separates from 
methyl alcohol m golden prisms, m p 184° (vac ), 
[aff+W (benzene) Flavoxanthin was iden 
tilled as a trihydroxy carotenoid by analysis, 
active hydrogen determination and by its light 
absorption properties In ethereal solution 
with 20% hydrochloric acid it gives a pale blue 
coloration (Schunck, Proc Roy Soc 1903 72, 
165 , Karrer and Notthafft, Helv Chim Acta 
1935, 15, 1195, ICuhn and Brockmann, Z 
physiol Chem 1932,213 192) 

I II H and i S S 
FLAX v Fibres, Vegetable (this Vol , 
p 159) 

FLAX WAX Flax fibre is coated with t 
wax of which 2 5% (on the weight of fibre) can 
be recovered by extraction 6-10% of wax can 
be obtained from the “ pouce 1 or dust separated 
from flax fibre in the combing or drawing pro 
cesses (Gibson, Trans Inst Chem Eng 1931) 
The wax is dark green or brown , it has a higher 
melting point (67 3-69 5°C ) and 13 harder than 
beeswax and takes a lugh polish The wax 
contains phytosterol and ceryl alcohol It has 
d 16 0 963-0 985 , sapomf value 78 4 83 7 
iodine value 21 6-28 8 , and acid value 17 5- 
23 8 (Honneyman, Pharm J 1926, 117, 157) 
FLEITMANN’S TEST (v Vol I 4706) 
FLEM1NGIN, C^HujOj A yellow colour 
ing matter present in waras, the resinous powder 
which covers the seed pods of hlemingta con 
gesta Roxb , it is an orange red crystalline 
powder, m p 171-172°, and on fusion with 
alkali yields salicylic and acetic acid3 (A G 
Perkin JCS 1898 73 600) 

FLINT (Fr Sikx, Ger Feuerstem ) A 
native form of silica being a compact massive 
variety of the mineral quartz with some admixed 
I h.'j'lr.-iFad. uji/vo. ‘{upl), V- *gndrts» -ntit, oliaJ/sR. 
dony, chert, homstone or jasper, and may be 
banded and marked like agate , no sharp line 
of demarcation can be drawn between these 
several varieties of quartz The term ‘ flint ’is 
commonly limited to the nodular masses found 
in, or derived from, the Chalk formation This 
material is of organic origin, being derived from 
the 6ihceous (opalme) remains of marine 
organisms (sponges with siliceous spicules, 
radiotana and dtatomacex) deposited on the 
sea floor together with the calcareous remains 
of other organisms which gave rise to the chalk 
itself After deposition, this disseminated sill 
ccous material became segregated into nodules, 
being no doubt redeposited in the colloidal 
condition, and subsequently dehydrated ami 
transformed into the crystalline condition 
The fact that nodules of flint are usii illy arrange I 
along the bedding planes in the chalk woull 
suggest that these layers correspond to period* 
when siliceous organisms predominated and 
that the solution and redepogition of the silu 1 
took pi »cc contemporaneously 111 the soft oozt 
On the other hand, the occurrence of flint 111 
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solution employed would be Approximately 
0 001%, more exactly 1 part in feO 000 if the 
xantliate remained in solution 

Tor research work it is sometimes more con 
aenient to compute the strength of reagents in 
terms of milligrams of reagent per litre of water 
for the gnen ore water ratio, pulp ratio or pulp 
density used in the test, e g 12 5 mg rant hate 
per litre in the abo\ e case \\ ith some reagents 
as little as 2 mg per litre, 1 part m 500,000 is 
used 

From a consideration of these quantities it is 
apparent that the flotation process consists of 
floating off particles of mineral attracted to tbo 
surfaces of the bubbles, the air-water interfaces, 
of a froth and not to any buoyancy effect of the 
reagents w hich attach themselves to the particles 
“ floated ” 

The Principles 

I lotation depends fundamentally on the I 
tendency of nil dry insoluble freshly crushed 
minerals, metallic or non metallic, to float when 
placed on the surface of water, i e to adhere to a 



Fig 1 


gas liquid interface In the flotation process [ 
the surfaces of bubbles in water or in a froth | 
provide a more adequate amount of gas liquid 
interface for the collection of minerals than 
would the surface of a flowing stream of water 
This tendency to float results from the fields of 
force, unbalanced attractions, which occur at the 
surfaces of liquids and solids in air, effects of 
surface tension and surface energy, more pre 
ciscly the tensions at the gas liquid and gas solid 
interfaces, but, as tho solid particles are at least 
partly wetted, there is a third force, the tension 
at the liquid solid interface to be considered 
The existence of the interfacial tensions and 
their relatu e strengths is shown by the contact 
angle 0 made at the junction of the gaseous hquid 
and solid phases when drops of liquid are m 
equilibrium on a smooth horizontal solid surface 
in a gas (Fig 1) or when a bubble of gas is in 
equilibrium on a similar solid surface in a liquid 

With air, water and a mineral the contact 
angle depends on the nature and state of the 
mineral surface and is a measure of the floata 
hihty of the mineral 

If the Solid-liquid intcrfseial tension is high 
the contact angle will bo Ion, as the solid - 


hqrnd interfacial tension is a measure of the 
tenaaty of adhesion between tho mineri! and 
the water, the instability of tho froth and tho 
laelv of floatabdity of the mineral in the flotation 
process Conversely a high contact angle 
(Fig 2) results from a low solid-liquid inter 
facial tension and indicates tenacity of adhesion 
between mineral and air, floatabdity Jn 
practice there is a certain range of contact 
angle, called the hysteresis of the contact angle, 
which results when a drop of water is dragged 
along a mineral surface or the surface is in 
dined This hysteresis is not the true measure 
of floatabdity 

The froth flotation reparation process depends 
(1) on tho enhancement of floatability in the case 
of minerals it is desired to float off m the air 
water froth produced, and (2) on the reduction 
of floatability in the case of minerals it is desired 
to sink by rendering them more readily wetted, 
le s air avid and less water repellant The inter 
facial tension between the mineral to be floated 
and the water lias been increased as shown by 
the decreased contact angle In an ore contain 



mg sescrnl different sulphide minerals it t« 
necessary to rollcet each mineral separately m ns 
pure a state as possible because of the demands 
of the smelter This separation requires an 
accurate control of the wcttahilitv or non 
wettability of cadi mineral m the ore and is now 
generally obtained by the u«e of reagents which 
on dissociation in dilute solutions, yield suitable 
polar or polar non polar ions which are selec 
tively adsorbed to the surfaces of tho minerals 
it is desired to float or sink 

How considerable this control may be is 
well illustrated bv tho flotation of coal high in 
ash to remove the ash and tho subsequent sink 
ing of the recovered coal to remove its pyntie 
content by flotation 

The first necessary condition for successful 
flotation is that flocculation must not be allowed 
to interfere with the selective attachment of tho 
collected mineral to the air bubbles Sometimes 
it is necessary to add defloccuhting or di« 
perung reagents to tho “ pulp * {mixture of 
water and crushed ore) to prevent such floecu 
lation 

Solid -solid adsorption of anv gangue eon 
stituente to the sulphides it is desired to float 
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rcigcnls in snt iller quint it its fins lias bctn 
made possible by the more accurate control of 
working conditions, particularly the hydrogen 
ion concentrations Considerable developments 
are to bo expected in the use of the newly 
introduced differential wetting agents which 
facilitate the differential flotation of non 
metallic minerals, and also in the uso of reagents 
with adsorbablc polar cations 

The choice of reagents in a particular case 
must often bo modified by the consideration of 
patent royalties, stability under local climatic 
conditions, regularity and purity of supply and, 
of course, cost On the other band an ex 
tremely expensive organic reagent suitable for 
some special putpose can sometimes bo obtained 
at a very low price if required regularly m 
quantity 

Inorganic Reagents 

The inorganic reagents in general use are the 
common mineral acids and alkalis used for pulp 
conditioners and gangue modifiers 

Sulphuric acid is the most commonly used 
gangue modifier in acid circuits, but these arc 
seldom employed now for ores unless much fine 
slime has to bo dealt with Acid circuits are 
sometimes used for the flotation of blende from 
a bulk concentrate or of fino d< pn sm d pyrites I 
from an end product 

Lime is used for pulp conditioning but also ! 
as a depressant for iron pyrites Caustic soda 
counteracts previously added oils in differential 
flotation, depresses pyrites, helps sulphidising 
in the flotation of oxidised ores, may depress or 
float blende m different ores and assists in the 
emulsification of oils Sodium carlionate and 
bicarbonato are used instead of lime with straight 
lead and 7itic oris and with mixed Bulphidc ores 
if the sulphide content is high They re\ ivc 
some py rites 

Certain salts of the common metals are cm 
ployed more particularly as depressants ncti 
vntors and gangue modifying or wetting agents 
Thus copper sulphate is used in diflircntial 
flotation for activating depressed zinc blende, 
pyrites and pyrrhotite, it also accelerates the 
flotation of blende in cine ores I errous sul 
phatc depresses pyrites in the presence of 
ilnloopjntc 

The polysulphides and sodium sulphide arc 
used as sulphidising reagents in the treatment of 
oxidised ores of lead and zinc Sodium sulphido 
is also used to netiv ate pyrites, to assist in the 
flotation of tarnished galena and blende and to 
act as a wetting agent with Silicates and non 
metallic minerals 

Potassium diehromate is used for depressing 
galtna, actuating xnarmatitc, » double sulphide 
of iron and zinc, and for activating some copper 
minerals 

Sodium ejamdc is used for depressing iron 
p\ nte«, ns little ns I part in a million parts of 
water may bo cflectire It is also used for tins 
purpose m conjunction with lime for copper 
ores and, m conjunction with zinc sulphate, for 
di pressing blende It may lie used alone for 
niomlitioning blende Sodium or potassium 
l>crmangaiiatc an occasionally mid for mis 
picket (FeAsS) 


Sodium phosphates aro used as wetting agents, 
preferably the di hydrogen phosphato, and in 
tho treatment of silicate ores and non metallic 
minerals 

Sodium oleate is used for the flotation of 
malachite and certain non metallic minerals 
Sodium silicate is tho most widely used gangue 
modifier in alkaline circuits and has a dc 
flocculating effect on gangue 
Sodium sulphite is used for depressing blcndo 
and pyrites, as is also sodium thiosulphate 
Hyposulphurous acid itself is used in Central 
Europe ‘ JJhof ” a German reagent advertised 
for this purpose contains polythionates. 

/fine sulphate, often in conjunction with sodium 
cyanide, is w idely used for depressing blende 
These salts aro thought to act as depressants 
by supplying inorganic anions which prevent 
the collector being adsorbed by some minerals 
but not by others Their utility has to be deter 
mined in practice by careful and systematic 
testing 

Organic Reagents 

These fall into three main classes the frothers, 
tho collectors and tho differential wetting agents, 
the so called “ anodic reagents ” 

I rothers — By far tho most widely used 
frothers for sulphide ores aro crcsol, cresylic 
ami (i/t ) anil pine oil I'inc oil is nnmifvcturcd 
to v inous definite specifications for flotation 
purjioscs, it contains terpenes anil i iniphors in 
various proportions riolol manufactured 
in Germany is a terpeni nholiol obtained vs v 
by product m tho inmuhitim of camphor 
Eucalyptus oil is also used as a frothcr 
generally when it can be obtained locally, it also 
has collecting properties 
I rcc cresols aro said to be present in “Aero 
Jloa f 15, 4 Aerojloat 25 ' and “ Aerofloal 31 ” 

Tho reagents marketed by the largest and most 
influential manufacturers of flotation reagents 
in USA aro now mostly sold under mystery 
numbers Tins ilocs much to frustrate scientific 
training and compels tho practising metallurgist 
in flotation w ork to resort to the methods of the 
Dark AgeB and employ “ rule of catalogue 
numbers ’ for 4 rule of thumb ” Tor oxidised 
ores and non metallic minerals certain alcohols 
and alcohol derivatives, and compounds of the 
acids are used 

Tho essential requirement for frothers appears 
to be tho possession of a polar and a non polar 
part, a part which repels w ater and a part which 
hydrates, such as has already been noted in 
cresol The frothing properties of the alcohols 
increase with the length of the carbon chain 
up to about 7 or 8 carbon atoms but decrease 
thereafter Generally speaking in a homo 
logous senes tho middle members are the Lest 
frothers, the higher members being lias 
soluble Sometimes this may bo overcome by 
substituting the and sulphate of tfic alcohol for 
the alcohol itself The use of tho many com 
pounds which, according to these rules, can form 
good frothers, is restricted by the facts that many 
aro not cheap enough and are not effective at 
sufficiently low concentrations. 

Okie and one of the earliest frothirs und 
ixianimntnlly is now only imployed tom 
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These reagents are soluble in both polar and 
non polar solvents They are specially recoin 
mended as gangue depressants in the flotation 
of oxidized ores 

Although so much difficulty is met with in the 
treatment of most non metallic minerals, coal 
is an exception It can be floated very easily 
with light fuel oil, kerosene, or even coke oven 
liquor Turpentine is a powerful collector and 
good frother for coal Sodium cyanide is used 
to depress the contained iron pvntes In the 
differential flotation of the coking and the non 
coking constituents of a coal, tannin, starch, 
glue and also water glass have been used as 
protective colloids The low \alue of the fine 
product permits of the use of only the cheapest 
reagents fqr coal 

Certain rather unexpected reagents have been 
Toundofuse in particular cases e g RhodamtneB 
an aminophenol derivative. 


/C,H,NEt f 




N CO 

Rhodamine B 


for the depression of talc in some ores , quinal 
dine (2 mcthylquinohne, C,H 8 NMe) a nitrogen 




I IQ 3 

ring compound a collector of copper pyrites 
and n depressor of blende in certain ores, but 
the total number of reagents nt all widely used 
for flotation work is only two or three dozen 

I LOTATION MaCIIINFS 

A flotation machine should be continuous in 
operation, easy to start up after a temporary 


stoppage and free from periodical breakdowns 
It should also provide 

Adequate and adjustable aeration and agita 
tion of the pulp (water and ground ore) 
Adequate sub division or emulsification and 
distribution (contact) of the reagents m the 
pulp 

Adequate but not excessive area for the col 
lection and removal of the mineral laden 
froth 

Any machine or appliance which fulfils these 
conditions is satisfactory, hence locally designed 
machines are often met with in practice Three 
main types are favoured, namely mechanical, 
pneumatic and cascade machines (Tig 3) 

Flotation Separation Tests 
In carrying out tests on ores it should always 
bo borne in mind that whatever apparatus and 
set procedure are employed, rehable results aTO 
not obtainable in some cases, except after sys 
tematic experimentation on a successively larger 
and larger scale On the other hand w ltli many 
ores the results obtained in small scale tests can 
be duplicated in practice without any necessity 
for large scale tests Even in such cases the 
construction of a pilot plant should bo regarded 
as a necessity prelim) nary to efficient null 
design and operation 

The factors to be considered in carrying out 
flotation tests concern the character of the ore, 
the preparation of the ore for tho test, and the 
conditions of the test itself thus 
Character of the Ore 

Presence of colloids or of primary slime 
Presence of soluble salts or of natural acidity 
Proportion of sulphides to gangue 
Degree of dissemination of the sulphides 
Relative hardness of gangue and the valuable 
minerals 

Components and chemical nature of the consti 
tuents of tho gangue 
Flocculating properties of the gangue 
Relative floatabihty of the sulphides 
Preparation of the Ore 
History and reliability of the sample 
Kind of crushers 
Method of crushing 
Degree of comminution attained 
Conditions of the Test 

Nature and composition of the water used 
Proportion of water to ore 
Proper pulp conditioning 
Rate of feed and proportion of oro in circuit 
Method and degree of classification employ ed 
Addition of reagents before, during or after 
crushing 

Consistency of reagents and timo of contact 
Chemical properties of tho reagents used in 
relation to the naturo of the circuit acid, 
alkaline or neutral 

Amount of aeration and agitation, bubble size 
Duration of test 
Typo of machine used 

Method of concentration, whether straight, bulk 
or selective 

Skill and experience of the operator 
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The discoverers of flaonnthene erroneously 
ascribed to it the formula C 1S H 10 and the 
constitution 

C e H t — CH\ 

I ^ 

C e H 3 — CH/' 

The true constitution was established bv 
synthesis from p 9 fluorensl propionic acid 
which was ejtlised to 4 keto 12 3 4-tetrahydro 
fluoranthene This was reduced to tetrahvdro 
fluoranthene, which yielded fluoranthene on 
distillation m carbon dioxide over red hot 
litharge on pumice {von Braun Anton and 
Wagner, Ber 1929, 62 [B}, 145) 

Reduction with sodium and amjl alcohol, 
or with hydrogen and a nickel catalyst in 
decalin under pressure at 230°, gives tetra 
hydrofluoranthene, C, 6 H 14 mp 74-73°, bp 
203-205°/2 rum , decahydrofluoranthene, 
C, b H J0 , bp 181-183°/12 mm and perbydro 
fluoranthrenc C ls H t4 , b p lt»S-170®/12 mm 
(von Braun and Manz, t bid 1930 63 [B], 260S) 
Oxidation with chromic acid yields fluor 
anlhenequmone (3 4), m p 180°, and by further 
oxidation fiuorenone 1 carboxylic acid, m p 192° 
The latter is converted by heating with lime to 
fiuorenone, and by fusion with caustic pota'h to 
lsodipAemeacid (diphenyl 2 3 dicarboxybcacid) 
Nitration of the hydrocarbon with f umin g 
nitric acid yields a trmitrodenvative , on 
nitration in glacial acetic acid there is formed, 
in ca 20° o Meld (purification being wasteful), 
4 nitrofluoranthene, m p 159-160° This may 
be reduced to the amine, which is easily dia 
zotised The diazomum compound couples with 
P naphthol to give a deep red azo-dye 

Sulphonation and bromination, under con 
trolled conditions, yield similarly the 4 mono 
derivatives (von Braun and Manz, Aunalen, 1931 
488,111, von Braun and Anton Ber 1034,67 
[R] lOol) 

On the other hand, acylation by the Tnedel 
Crafts method leads to derivatives with the 
substituent groups mainly m the 12 position, 
and m the 4 position in the ba products Thus 
with, ph.th.alic auhy, dcvlc and aluuuniiita chloride, 
in carbon disulphide, fluoranthene nelds 12 o 
carboxj benzojlfluoranthene, nip 212° The 
acid chloride of this, heated in tnchlorobenzene, 
c\ cli-ea to the quinones (I), m p 22S°, red, giving 
a violet vat, and (II), m p 332°, jellow, giving a 
blue \at (von Braun Manz and Kratz, Annalen, 
1932, 496, 170) 



Fluoranthene and it* derivatives have been 
suggested as intermediates for dj es tuffs Its 
amino derivatives mav be condensed with 1 4 
quinones to give pigment dyes or intermediates 
of oxazine or sulphur dyestuffs (1 0 Farbenmd 
A G , B P 408456 , Amer Chem Abstr 1934 
28 5G7S, see aho I G Farbenmd 4.G,GP 
5739*3, Amer Chem Abstr 19«, 27, 4S19 
GP 505024, Amer Chem Abstr 1034, 28 
4009) 

FLUORANTHENEQUINONE r Fixor 

A NTH EVE 

FLUORENE. o Dtphenylenctntlhane, 



was discovered bj Berthelot m coal tar (Compt ) 
rend 1867, 65, 465, Ann Chim Pliys 1867, 
[iv], 12, 222) Obtained (1) by passing the 
vapour of diphenylmethane through a red hot 
tube (Graebe, Annalen, 1874, 174, 194, Ber 
1874, 7, 1624), (2) by heating diphenylmethane 
or dieyclohexylmethane with Pt charcoal at 
300° (Zelinshi, Titz and Gaierdov kaja, ibid 
1926 59 [B], 2590) (3) by reduction of fluoreuone 
bv heating either with zinc dcut (Fittig, ibid 
1873, 6 187) or with hydriodic acid and ml 
phosphorus to 150-160° (Graebe, ibid 1874, 7, 
162o), (4) by diazoti«ing 2 amino-diphenyl 
methane and heating the aqueous solution of 
the diazomum salt so obtained (Fi-cher and 
Schmidt i&irf 1894 28 2787), (5) by heating the 
quinoline salt of fluorene 9 carboxylic acid to 
160-170° (Staudinger, ibid 1906, 39, 3067, 
Vote 1) or the free acid to 290° (Delacre, Bull 
Soc chim 1902, [uij, 27, 877) the fiuorene 9 
carboxylic acid ma\ be prepared by condensing 
ethyl tnchloroacetate with benzene in the 
presence of aluminium chloride (Delacre, l e ) 
The high boiling fractions of tar oil, after 
depo iting naphthalene and anthracene, are 
distilled , the fraction boding between 295° and 
310° contains the greater portion of the fluorene, 
iihich, on fu_ion with caustic potash at 2i>0°, is 
converted into a sobd potassium compound 
(Weissgcrber, Ber 1901, 34, 1659), this was 
originally separated mechanically from the 
fu«ed hj drocarbons and the fluorene regenerated 
bj treatment with water (G P 124150) The 
sodium compound, also used m the separation, 
is obtained by fusing the mixture of hvdro 
carbons with 'odium or sodamide at 110-250° 
(G P 203312) In the presence of aniline or 
other organic base®, the reaction proceeds more 
smoothly and at a loner temperature (GT 
209432) Been stalk ation from alcohol and 
glacial acetic acid and precipitation of the picnc 
acid compound (m p 81°), maj be used in the 
purification Lustrous Ismuif, mp 116°, bp 
294— 29o° Sparingly soluble in cold, readily in 
hot alcohol, readdy soluble in ether, benzene 
and carbon disulphide 

Isomeric diphenyleneme thanes w ere desert bed 
bv Caraelley ( J C.S 18S0, 37, 70S), who obtained 
them b\ passing the mixed vapours of benzene 
and toluene through a red hot tube Stereoi«o 
men<m in 5 ammo derivatives of fluorene bad 
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subliming at 340°, methyl ester, m p 120° 
(Fortner, Monatsli 1904, 25, 448) , 4 , m p 175°, 
methyl ester, m p 64°(Graebe and Aubm, Annalen, 
1888, 247, 283) Fluorene forms many addition 
compounds, e g with picne acid, m p 81® , with 
13 5 trinitrobenzene, m p 105°, with 2 4 6 
trinitrotoluene, m p 85° 

FLUORENONE, 


This cyclic ketone was discovered by A Schmitz 
who heated diphemc acid with its own weight 
of quicklime (Annalen, 1878, 193 117, cf 
Tittig and Ostermayer Annalen, 1873 166, 376 , 
Iverp, Ber 18%, 29, 228) It is also formed by 
the oxidation of fluorene with chromic acid 
Graebe and Rateanu (Annalen, 1894, 279, 258) 
used sodium dichromate and acetic acid , Fanto 
recommended the addition of sulphuric acid 
(Monatsli 1898 19, 684 cf J Schmidt and 
B Wagner, Ber 1910 43 1797) It may be 
obtained in almost quantitative yields by heat 
ing diphemc acid or anhydride or fluorenone 4 
carboxylic acid at 360° (Huntress, Hershberg 
and Clipp, J Amer Chem Soc 1931 53 2720 
Huntress and Cliff ibid 1933 55 2559) 

The diethj 1 acetal, 9 9 diethoxyfluorene from 
die corresponding dichloro compound and 
alcoholic potash, is hydrolysed to fluorenone 
by acids (Smedley, J C S 1905, 87, 1252) 
Fluorenone separates as yellow crystals from 
alcohol, mp 83 5-84°, bp 341 5°/760, it is 
slowly volatile in steam, insoluble in water and 
easily soluble in alcohol and ether The solution 
in concentrated sulphuric acid is bright violet 
(Wishcenus and Waldmuller, Ber 1908, 41 
3339, other authors say deep reddish violet or 
purple red), it is basic to strong acids (Stobbe 
and Seydel Annalen, 1909, 370, 135), and the 
nitrate, perchlorate and addition products with 
metallic salts are known 

h luorenouft can bo destructively oxidised by 
chromic acid mixture, nlkabno permanganate 
oxidises it very slowly to phthahe acid Distil 
lation u ith zinc dust gix es fluorene , it is reduced 
to fluorenyl alcohol by sodium amalgam 
(Barbier, Ann Chim Phys 1876, [v] 7, 604), 
by zinc m glacial acetic acid (Kerp, Ber 1896, 
29, 230), by zinc dust in alcoholic potash or 
ammonia (Werner and Grob, Ber 1904, 37, 
289a) , by aluminium amalgam in 80% alcohol 
(Cohen, Itec trav ehim 1919, 38 119), and, 
by aluminium isopropoxide (Lund, Ber 1937, 
70 [B] 1520) With zinc dust and acetyl 
chloride m ethereal solution, afl bis diphenylen 
ethylene, o/3 diacetovy bis dipheny lenethme 
(tetrapheny lenepinacone diacetnte) and, as chief 
product, tetraphenylenepinacohn arc produced 
(Klinger and Lonnes, Bor 1S9C, 29 2154) 

Since phenanthrenequinone (and its denva 
tives) are conxerted into 9 hydroxy fluorene 9 
earboxy he acid (and its derivatives) by warming 
xnth caustic potash solution (Baeyer, Ber 1877, 
10, 125, Anschutz and Schultz, Annalen, 1879, 
196 50, and others) and the acids lose carbon 
dioxide and undergo oxidation on boding xnth 



xvater in presence of air, substitution derivatives 
of fluorenone can be thus prepared (J Schmidt 
and K Bauer, Ber 190o, 38, 3738, cf Huntress 
and Cliff, l c , Mascarelli, Gazzetta, 1936, 66, 
843) 

Derivatives of fluorenone may also be ob 
tamed by diazotisation of substituted o ammo 
benzopbenones and subsequent boiling 3 
Methoxyfluorenone, m p 99°, is produced m 
good yield by this method (F Uflmann and 
H Bleier, Ber 1902, 35, 4278) 

With bromine or nitric acid, substituent 
groups enter the 2—, 7— and 3- positions m succes 
sion (Schmidt and Bauer, l c , 3760) 1 8 
DmitTofluorenone can be obtained starting with 
9 acetaminofluorene whilst other substitution 
products can be made from the corresponding 
phenanthrenequinone derivatives 
Fluorenone orime.tCjHjlj C NOH,m p 195°, 
is obtained from fluorenone and hydroxylamine 
(Spiegler, Monatsli 1884 5,195, J Schmidt and 
J Soil, Ber 1907, 40, 4258) Its potassium salt 
results from the action of amyl or ethyl nitrite 
on fluorene in presence of ethereal alcoholic 
potassium hydroxide (Wishcenus and Wald 
muller, Ber 1908, 41, 3335) The potassium 
salt of act 9 mtrofluorene results when ethyl 
nitrate is employed Reduction of the oxime 
gives the mine (Kliegl, Ber 1910, 43, 2494) 

J T H 

FLUORESCEIN, 



the dyestuff obtained by condensing phthaho 
anhydride with resorcinol (Baeyer, Ber 1871,4, 
558, cf U S P 1931049) preferably m presence 
of a condensing agent such as zinc chloride It 
is of little value as a textile dye stuff as dyeings 
on silk and wool are very fugitive , its highly 
fluorescent sodium salt is however marketed as 
Uramne More important arc its halogenated 
derivatives, particularly the eosmes and eiy 
throsines , some of these, such as dichloro 
fluorescein, find application as adsorption 
indicators (Kolthoff, Lauer and Sunde, T Amer 
Chem Soc 1929,51,3273, Bambach and Rider, 
Ind Eng Chem [Anal ] 1935, 7, 165) Its 
formation is used as a test for resorcino2 and for 
phthahe acid, its fluorescence being still xisible 
at a dilution of 1 40 million 


FLUORESCENT BLUE Ins Blue, the 
ammonium salt of tetrabromo hxdroxy dt 
phenoxazone. 
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commonly employed being either molten 
potassium hydrogen fluoride (m p 227 s ) or the 
molten compound KF.3HF (m p 65°) 

Various cells have been developed in recent 
years for the laboratory preparation of fluorine 
Moissans experiments with KF,3HF mere fol 
lowed up by Lebeau and Damiens (Compt ) 
rend 1925, 181, 917), who employed a nickel 
anode and a cathode of either nickel or copper 
Their method, modified m detail, is described by 
Cady and Henne m a recent publication 
(Inorganic Syntheses, Vol I Editor in Chief 
H S Booth McGraw Hill Publishing Com 
pany. Ltd 1939) The electrolyte is contained 
in a cylindrical pot of “Monel ” metal or steel, 
which serves as the cathode The anode is a 
co axial cylinder of nickel, supported inside a 
cylindrical copper diaphragm The electrolyte 
is prepared by the addition of anhydrous 
hydrogen fluonde, which may be obtamed m 
some localities as a technical product, to the 
acid fluoride KF.HF The optimum operating 
temperature is 73-76° 

E I Du Pont de Nemours and Co (BP 
425979) have described a cell for the production 
of fluorine by the electrolysis of a nearly 
saturated solution of KF.HF in anhydrous 
hydrogen fluonde The cell is constructed of 
an alloy steel, and a nickel anode is supported 
inside a perforated steel cylinder Freden 
hagen and Kiefft (Z Elektrochem 1929, 35, 
670) recommend the use of an electrolyte with 
1 8 g molecule of hydrogen fluonde per gram 
molecule of potassium fluonde In a cell 
descnbed by Mathers and Stroup (Trans 
Electrochem Soc 1934, 66, 113) the electrolyte 
is the acid fluonde of caesium, CsF,2 HF, 
which melts at 19°, the cell being constructed of 
magnesium 

Ruff and Ascher (Z anorg Chem 1929, 183, 
193) have drawn attention to the possible use 
of cobaltic fluonde, CoF s , as a source of fluonne 
This substance, which must be produced from 
ebalt or cobaltous fluonde and fluonne, evolves 
uonne when heated and might be found to 
(Ford a ready means of generating small 
mounts of the gas as required 
Electrolysis of the acid fluonde KF.HF in 
ae molten Btate has been described by a number 
f authors Argo, Mathers, Humiston and 
.nderson (J physical Chem 1919, 23, 348) 
ave used an apparatus constructed of copper, 
nth a carbon anode surrounded by a perforated 
opper diaphragm The electrolyte (KF.HF) 
i maintained in the molten condition at 
25-250° by an external winding of resistance 
,’ire Meyer and Sandow (Ber 1921, 54 [B] 
69) have developed this apparatus further, and 
nake use of a pot of Acheson graphite a9 a 
ontaincr for the molten electrolyte This also 
crvea as a cathode, the anode being constructed, 
s before, of carbon Fredenhagen (Chem 
nd 1929, 22. 107, GP 493873, 1928) also 
ised the acid fluonde KF.HF a3 electrolyte 
ogether with a graphite anode The molten 
•lectrolyte may bo held in an electncally heated 
>ot of silver or copper, which served as the 
:athode Jones (J physical Chem 1929, 33 
iOI) employed a vessel of magnesium, together 
nth a carbon anode, while Schumb and Gamble 


(J Amer Chem Soc 1930, 52, 4302) used monel 
metal for the outer pot In an apparatus de 
scribed by Denbigh and Whytlaw Gray copper 
was used (JSCI 1934, 53, 139T) Dennis, 
Veeder and Rocbow (J Amer Chem Soc 1931, 
53, 3263) devised a V shaped cell, constructed 
of heavy copper tubes, brazed at the junction, 
and carrying graphite electrodes held in bakehte 
plugs Miller and Bigelow (J Amer Chem Soc 
1936, 58, 1585) use a nickel U tube as a container 
for the molten acid fluonde This type of cell 
was used in studies on the fluonnation of organic 
compounds In a cell descnbed by Bodensfem 
(Chem Fabr 1935, 8, 283) the constructional 
matenal is electron metal with welded joints 
The anode is of graphite and the cathode of 
silver Electrolysis is earned out at 250°, and 
the electrodes are inserted through the bottom 
of the cell 

There is little indication in the literature of 
the relative ments of the above cells In all of 
them the use of carbon anodes leads to con 
tamination of the fluonne by carbon fluondes 
Swelling of the carbon anodes as a result of the 
formation of the interstitial compound, carbon 
monofluonde, is a further source of difficulty 
It is also essential to operate with anhydrous 
materials Booth (op cit Vol I, p 137) states 
that the high temperature method, using KF,H F 
as electrolyte, is to be recommended for ordinary 
laboratory purposes and for intermittent use 
Full details for the construction and operation 
of a high temperature copper cell are given by 
Booth (op ctf ) A fluormated rubber prepara 
tion for producing a film which protects metal 
parts against fluonne has been descnbed recently 
(I G Farbenmd , G P 642883) 

Purification of Fluorine — Fluonne as 
obtamed m Moissan’s apparatus contains small 
quantities of hydrogen fluonde, which may be 
removed by passage through a copper tube 
cooled to —80°, and then through two tubes 
packed with sodium fluonde, which is converted 
into the acid salt It is essential to operate 
with an electrolvte which is anhydrous, as 
otherwise the gas evolved always contains the 
oxide FjO When fluonne is prepared with 
carbon anodes the gas evolved may contain 
carbon fluondes, as well as ozone, oxygen and 
fluorine oxide, which can be separated only by 
a tedious process of fractionation For many 
purposes such, for example, as the direct 
fluonnation of organic compounds, purification 
of fluonne is not necessary In determining 
physical properties of the element, however, 
it is essential Passage of the gas through a 
tube cooled m a bath of liquid air nch in oxygen 
removes impunties other than oxygen, fluorine 
oxide and a trace of carbon tetrafluonde Tbo 
first two of these impunties arise from the 
presence of moisture m the electrolyte or 
apparatus and are normally removed by 
operating the cell for a considerable period 
(Cady and Hildebrand, J Amer Chem Soc 
1930, 52, 3839, see also Aoyama and Kanda, 
Bull Chem Soc Japan, 1937, 12 409, 455, 458, 
4G3, 4C9, 473, 611, 522 The senes of publica 
tions by the Jaat mentioned authors gives 
considerable information on the manipulation 
of fluonne) 
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a part Aoyama and Kanda (Bull Soc Cbem 
Japan, 1937, 12, 621) confirmed that solid 
fluonne reacted explosively with liquid hydrogen, 
but found that such mixtures were stable in 
fine capillaries Mixtures of the gases were 
stable in old glass vessels, and it was suggested 
that silicon tetrafluonde inhibited reaction 
Amorphous boron inflames in fluorine without 
the apphcation of external heat and forms the 
gaseous fluoride, BF 3 Carbon will also bum in 
fluorine, and, in 1890, Moissan isolated the 
compound CF 4 in an impure state from the 
reaction products Ruff and Keim (Z anorg 
Cbem 1930, 192, 249) prepared the pure 
tetrafluonde (b p — 130") by the same reaction 
and showed that the fluorides C 2 F e , C 3 F 8 and 
probably other members of the series up to 
CjF. 4 are formed simultaneously It is note 
worthy that the fully fluonnated ethylene 
derivative C 2 F 4 (b p —76 3°) is not formed in 
this reaction, but has been obtained by burning 
a carbon arc m carbon tetrafluonde and 
fractionating the product A Bobd carbon 
monofluoride (CF) n is formed when " Nont ” an 
activated carbon, is heated at 280° and 25 mm 
pressure in a stream of fluorine The swelling 
of carbon anodes used in the electrolytic prepara 
tion of fluorine is due to the formation of the 
solid monofluoride This compound, which has 
an ionic lattice, decomposes when heated and 
forms a mixture of carbon fluondes, together 
with free carbon 

Silicon burns to the tetrafluonde in a stream 
of fluorine There is no direct reaction between 
fluonne and nitrogen, although nitrogen 
tnfluonde, NF 3 (b p —119°) has been obtained 
by Ruff, Tischer and Luft (ibid 1928, 172 417) 
by the electrolysis of fused anhydrous acid 
ammonium fluoride, (NH,)HFj man electrically 
heated copper cell at 125° Unlike nitrogen 
trichloride this compound has a positive heat of 
formation and is comparatively stable Thus, it 
3 unchanged by dry glass, water or dilute 
tlkalis It explodes when mixed with hydrogen 
»nd sparked 

Phosphorus and arscnc bum in gaseous 
fluorine forming either the tn or pentafluondes 
Sulphur also bums in fluorine Moissan and 
Lobeau isolated the hexafluoride SF e (v p 
1 atm at 62°) from the products, and recently 
Denbigh and Whjtlaw Gray (J C S 1934, 
1346) isolated a second fluoride of the com 
position SjF 10 from the less volatile fractions 
of the iluormation products from Bulphur It 
is believed that two other sulphur fluorides, 
SF t and SjF t , also exist, but they are not 
formed directly from the elements Selenium 
and tellurium also react very readily with 
fluonne, the final products of reaction being 
the hexafluorides SeF 4 and TeF 4 

Reaction of Fluorine with Metallic 
Elements — The reaction of fluonne with the 
metallic elements is, as a rule, rigorous and 
jields the metallic fluondes Sodium and 
potassium inflame if exposed to the gas at 
room temperature Calcium and magnesium 
are attacked at room temperature with great 
evolution of heat Lead is attacked vigorously 
in the cold, but with metals such as mercury, 
aluminium, iron, chromium and manganese 


attack at room temperature is limited to the 
formation of a surface film, and a certain amount 
of external heat must be applied in order to 
obtain further reaction Bismuth suffers only 
a superficial attack by fluorine, even at a red 
heat Copper and go'd are likewise attacked 
extensively only at a red heat Silver is 
attacked slowly in the cold at 100° the metal 
becomes covered with a yellow film of the 
anhydrous fluoride At a dull red heat reaction 
occurs with incandescence Osmium burns m 
fluorine when heated above 250°, but palladium, 
indium and ruthenium are attacked only at a 
red heat Platinum is strongly attacked at 
500-600°, reaction being accelerated by the 
presence of hydrogen fluonde 
The majority of the metallic compounds of 
fluonne are easily fusible, and when ignited 
in a current of steam many of them are converted 
into the corresponding oxides, whilst hydro 
fluoric acid is formed The fluorides of silver 
and tin are easily soluble in water, whilst those 
of sodium, potassium andiron are only sparingly 
soluble They are all decomposed when heated 
in sulphuric acid, with evolution of hydrofluoric 
acid Solutions of the soluble fluondes corrode 
glass, and they give no precipitate with silver 
nitrate, as the fluoride of silver is soluble Lead, 
barium, magnesium and calcium salts produce 
insoluble precipitates Many metallic fluondes 
combine with hydrofluonc acid to form acid 
fluondes, the most familiar examples of which 
are the acid fluorides of potassium which are 
used m the electrolytic preparation of the 
element 

Action of Fluorine on Various Inorganic 
Compounds —Moissan observed that fluonne 
displaces the other halogens from hydrogen 
chloride, bromide or iodide Hydrogen sulphide 
was also decomposed with inflammation, 
sulphur fluondes and hydrogen fluoride being 
formed Ammonia was found to bum in an 
atmosphere of fluorine to give free nitrogen and 
hydrogen fluonde (Moissan, Ann Chim Phys 
1891.. Tyilj, 24., 24.0), Thionvk chloride was 
converted by fluonne to thionyl fluonde, and 
phosphorus pentoxide was attacked at a dull 
red heat and formed a mixture of phosphorus 
tnfluonde and oxyfluonde Areemous oxide 
wbb also violently attacked, hut Moissan, to 
whom these observations are largely due, did 
not isolate the products Ho reported that 
fluorine was without action on the oxides of 
carbon, but according to Humiston (J physical 
Cbem 1919, 23, 572) carbon monoxide is 
decomposed m the presence of active carbon 
with formation of carbon fluondes Phosgene 
reacts with fluonne and Humiston (I c ) sug 
gested that the product was carbonyl fluonde 
This compound (b p —83°) has been prepared in 
a pure state by Ruff and Miltsehitzky (Z anorg 
Cbem 1934, 221, 154) by passing carbon 
monoxide over silver tb/luonde, AgFj It was 
found by these authors that carbon monoxide 
and fluonne reacted explosively when sparked 

Dry silica is not attacked by Buonne In the 
cold, nor is dry glass appreciably attacked, 
provided the gas is free from hj drogen fluoride 
The reaction of fluonne with metallic oxides was 
studied by Moissan (I c ) , the product consists 
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formulae HF, H 8 F 2 and H 3 F 3 are 0 6908, 
1 3816 and 2 0724, respectively 


Tempera 
ture "C 

Pressure 

min 

VD 

Air=! 

Mol 

weight 

26 4 

745 

1773 

61 18 

27 8 

746 

1 1 712 

49 42 

29 2 

750 

1578 

45 54 

32 0 

743 

1377 

39 74 ! 

331 

750 

1321 

38 12 

33 8 

768 

1270 

36 66 

36 3 

739 

1 115 

32 20 

38 7 

751 

1021 

29 46 

39 2 

743 

1002 

28 94 

42 8 

741 

0910 

26 26 

47 3 

745 

0 823 

23 76 

57 5 

750 

0 737 

21 28 

69 4 

746 

0 726 

20 96 

881 

741 

0 713 

20 58 


Gaseous hydrogen fluoride is evidently 
associated, but there is no decisive evidence as 
to the molecular species present It is commonly 
supposed that H 2 F 3 is present but the density 
can exceed considerably the value corresponding 
to this formula Simona and Hildebrand (J 
Amer Chera Soc 1924, 46, 2179 ) consider that 
tho vapour is composed of an equilibrium 
mixture of HF and H 8 F # Fredenhagen (Z 
anorg Chem 1934, 218 101) showed that the 
vapour density of hydrogen fluoride at the 
boiling point corresponded with the formula 
(H F ) 3 e This association factor was found to 
be 4 27 at -34° (Fredenhagen, ibid 1033, 210, 
210 ) 

The vapour pressure curve of hydrogen 
fluoride was examined by Gore (J C S 18C9, 
22, 368) Recently Claussen and Hildebrand 
(J Amer Chem Soc 1934, 56, 1820) have 
represented the vapour pressures of HF and 
of its deuterium analogue in the pressure range 
5-76 cm by the followirtg relationships 

HF logioP(cm )=G 3739-1316 70/T 

DF log I0 p(cm )=G 2026-1261 16/T 

The boiling point is 19 5° and the melting point 
—83° (Simons and Hildebrand, J Amer Chem 
Soc 1924, 46, 2179) The molecular elevation 
of tbo boiling point is 1 90 (Fredenhagen and 
Cadenbach, Z phjsikal Chera 1933, A, 164, 
201) Tho latent heat of vaporisation is 97 5 g 
cal /g (Simons and Boukmght, J Amer Chem 
Soc 1933,55 1458) 

The critical temperature of hy drogen fluonde 
Is 230 2° (Bond and Williams, i6id 1931, 53, 
34) The densities and surface tensions of the 
liquid in the ranges —75® to +5° and —80° to 
+ 19®, respectively are given by the relationships 
below, due to Simons and Bonlcmght (i6id 
1932, 54, 129) 

d— 1-0020— 0 0022625<+0 0000031254 s 

y— 40 "[1— >T/ IO j j] w * 

Measurements of the specific beat of the solid 
and liquid have been earned out by Dvhmlos 
and Jung for tho temperature range —175° to 0° 
(Z phvsikal Chem 1033, B, 21, 317) For 


measurements with gaseous HF, see Clusins 
ibid 1930, B, 8, 427 

The heat of formation of hydrogen fluonde is 
given by Wartenberg and Schutza'(Z anorg 
Chem 1932, 206 65) as 64 45 kg cal Ruff and 
ilenzel (ibid 1931, 198 375) give 64 0 kg cal 
The heat of dissolution at a dilution of 1 mol 
of HF in 400 mol of H z O is 11,560 g cal 
(Wartenberg and Fitzner, ibid 1926, 151, 
313) 

Aqueous Hydrofluoric Acid — Anhydrous 
liquid hydrogen fluonde is miscible in all 
proportions with water Densities of the 
resulting solutions are tabulated below (Do 
mange, Compt rend 1934, 198, 469) 


Weight ® 0 <4 1S 

5 06 1 017 

10 1 1 035 

20 25 1 072 

29 8 1 103 

39 9 1 149 

53 8 1 205 


Cady and Hildebrand have studied the freezing 
points of these aqueous solutions (J Amer Chem 
Soc 1930, 52, 3843), and have shown that the 
hydrates HF,H a O, 2HF,H a O and 4HF,H 2 0 
are formed A constant boiling mixture is 
formed with water, which boils at 110 8° under 
a pressure of 732 mm , and contains 38 18% of 
of HF (Muehlberger, J physical Chem 1928, 
32, 1888) Pranschke and Schwiete have 

recorded the specific heats of these solutions 
(Z anorg Chem 1935, 223, 226) Fredenhagen 
and WeUmann (Z physikal Chem 1932, 162, 
454) measured the conductivity of aqueous 
solutions at dilutions of 0 5-10,000 litres, and 
found that the dilution law was not valid even 
at tho highest dilution 

Anhydrous Hydrogen Fluonde as a 
Solvent — Although anhydrous hydrogen 
fluoride has a low specifio conductivity 
(14xl0~ 6 mho) it is capable of dissolving 
numerous inorganib and organic compounds 
and the resulting solutions are in many instances 
good conductors H Fredenhagen (Z anorg 
Chem 1939, 242 23) has shown that in addition 
to metallic fluorides, which dissolve with 
dissociation into metallic and fluonde ions, 
alkali metal mdates and perchlorates also 
dissolve m anhydrous hjdrogen fluonde 
without decomposition By' means of these 
solutions it was possible to precipitate thallous 
perchlorate from a solution of thallous fluoride 
in anhydrous hydrogen fluonde Other per 
chlorates were also soluble, as was sodium 
sulphate The latter ^ould be used to pre 
cipitate silver sulphate frbm a solution of silver 
fluonde in hydrogen fluoride Such ionic 
reactions arc, however, limited to a few instances, 
and the majonty of inorganic compounds 
are decomposed by anhydrous hydrogen 
fluonde 

Certain organic compounds also yield con 
ducting solutions in hydrogen fluoride These 
include substances such as alcohols, ether*, 
ketones, and organic acids, and it is thought 
that the ions in such conducting solutions are 
the fluonde anion and a complex cation formed 
by a combination of the organic molecule with 
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Antiseptic Properties of Fluorine Com- 
pounds — W Thompson found that the com 
pounds of fluorine, such as hydrofluoric acid, 
the acid and neutral fluorides of sodium, 
potassium and ammonium, are effective as 
antiseptics Tree hydrofluoric acid retards the 
activity of yeast, 6 5 mg per 100 cc of 
sucrose solution arresting fermentation Potas 
sium fluoride, up to the same strength, however, 
augments it (Effront, Bull. Soc chim 1891, [in] 
5, 476) The free acid promotes the activity 
of diastase bj retarding lactic and butyric 
fermentations (Effront, ibid 1891, [in] 4, 337, 
627 , 1892, [in], 6 786), and its application 
m brewing has been suggested (Just, J S C I 
1902, 21, 131) Acid ammonium fluonde is 
used for disinfecting rubber hose pipes in 
breweries, as it is a powerful antiseptic and does 
not attack the rubber Fluorides have also been 
used as preservatives for sweet wines and beer, 
but are now illegal (v Food Preservatives) 
Physiological Action of Fluorine and 
Hydrofluoric Acid — Gaseous fluonne has an 
irritant action on the membranes of the eyes, 
nose and respiratory system Its action on the 
akin is said by Ruff to resemble that of hydro 
fluoric acid (v infra), while the effect of volatile 
fhiofidea is also said to be similar Gaseous or 
aqueous hydrogen fluonde produces painful 
and slow healing wounds on contact with the 
skin The action of liquid anhydrous hydrogen 
fluonde is similar, but more vigorous Bums 
produced by hydrofluono acid vapour may be 
treated (as a first aid measure) by the frequent 
application of dressings moistened with sodium 
bicarbonate solution Fredenhagen and Well 
mann (Angew Chem 1932, 45, 537) recommend 
the application of a pasto of magnesium oxide 
and glycerol, or, in severe cases, the sub 
cutaneous injection of 20% aqueous magnesium 
sulphate Inhalation of hydrofluoric acid vapour 
was found to be slightly irritant at concentrations 
as low as 0 015 mg per litre (fifachle and Kitz 
miller, J Ind Hyg 1935,17.223) 
Hydrvftv&sfl'Cfc Ac/d, H t StF % — | 
solutions of this acid are prepared by heating 
a mixture of sulphuric acid and fluorspar, sand 
or glass, and passing the evolved silicon tetra 
fluonde into water The reaction taking plaee is 
3SiF 4 +4H 4 0=2H 1 SlF,+ Si(0H) 4 
Blockage of the silicon tetrafluonde inlet tube 
by gelatinous silica is avoided by placing 1(3 
end under a layer of mercury and allowing the 
gas to escape into the water from the mercury 
surface The water should be at 60-70® The 
gelatinous solution is filtered, and concentrated 
by evaporation at a temperature below 40° 
Above this temperature the acid itself vaporises 
with the water vapour The acid may also be 
prepared by the action of aqueous hydrofluoric 
acid on sihea, or by the decomposition of 
calcium flnosilicate with sulphuric acid 
Pnre hydroflnosibrie acid cannot be obtained 
In its aqueous solutions the equilibria H-SiF- 
v*SIF 4 +2HFand SiF 4 +2H f 0^4HF+SJ0 t 
are established Dissociation of the acid 
according to the first of these equations, takes 
place when attempts are made to concentrate the 
acid beyond a certain point A solution con 


taming 13 3% of the free acid may he distilled 
unchanged Density measurements with sola 
tions containing up to 34% of the acid have 
been made by Stolba (J pr Chem 1864, [i], 
90, 193) The density of a 34% solution is 
1 3162 

Bauer and Glaesner (Ber 1903, 36, 4209) 
have studied the distillation of aqueous solutions 
of the acid Those containing more than 13 3% 
of acid, on evaporation, lose silicon tetrafluonde 
more rapidly than they lose hydrogen fluoride, 
and hydrolysis of the former produces sihcio 
acid in the distillate The distillate from a 
weaker acid contains free hydrogen fluonde 
The dilute aqueous solutions of the acid are 
strongly hydrolysed Strong aqueous solutions 
of the acid fume strongly, though the acid itself 
does not attack glass 

The salts of hydrofluosihcic acid (the fluo 
silicates or silicofluortdes ) may be obtained by 
the action of the aqueous acid on metallic 
oxides or carbonates, or by the action of silicon 
tetrafluonde on metallic fluondes (see, for 
example, B P 357922, 1931) They are soluble 
m water, except the salts of sodium, potassium 
and barium, which are very sparingly soluble 
(BaSijFg 1 part w 3 802 of H.O) For 
details of solubilities and methods of analysis, 
see Worthington and Haring, Ind Eng Chem 
[ Anal ] 1931,3,7 

riuosihcates are isomorphous with titam 
fluondes and stanmfluorides They evolve 
silicon tetrafluonde when heated, and when 
treated with concentrated sulphuric acid the 
free acid is liberated and dissociates into silicon 
tetrafluonde and hydrogen fluonde Fluo 
silicates are decomposed by alkali into a silicate 
and a fluonde 

Fluosihcates have been employed m hardening 
calcareous stone surfaces They are also applied 
as insecticides and for the preservation of 
timber ( cf Dane, Chim et Ind 1934, 31, 1016, 
Pflug, Angew Chem 1932, 45, 697) The 
fluosihcates possess more powerful antiseptic 
pre jpurtiW User do tie Seconds? Hoik Sc tansies 
and fluosihcates are toxic and chrome poisiomng 
may result from the presence of fluondes in 
dnnkiag water The solutions have only a very 
slight alkaline taste The use of silicofluondes 
for food preservation is illegal 

For qualitative and quantitative methods of 
analysing fluondes and fluosihcates, v Chemical 
Avaltsis, Vol II, pp 671a, 576a, 695a, 607c, 

65M H J E 

FLUOROCYCLENE, C„H t8 A hydro 
carbon obtained in 30% yield by heating ace 
naphthene with PbOj at 200'’ Crystallises in 
orange yellow rhombohedra with violet blue 
fluorescence, m p 396-397° From its reactions 
with bromine and consideration of its absorp 
tion spectra the following formula has been 
proposed (Dziewofiski and Suazko, Ber 1025, 
58 [B], 723) 

H,C„CHCHC W H, 

\/ \/ 


/\ /\ . 

H,C W CH CH C m H 4 
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A special variety of fluor «par, known as 
“ Blue John,” for which the Tray Cliff cavern 
near Castleton m Derbyshire has long been 
famous, has been much used for fashioning 
vases and other small ornamental objects A1 
though occasionally used as a faceted gem stone 
on account of the delicate colouring, the mineral 
is much too soft for wear Beads of fluor spar 
have been found amongst prehistoric remains in 
North and South America 

Fluor ■spar being the only common mineral 
containing fluorine m large amount (F 48 9%), 
is used for the preparation of hydrofluoric acid 
and other fluorine compounds It is slightly 
soluble m hydrochloric acid and m solutions of 
alkali carbonates, and is readdy decomposed by 
sulphuric acid even m the cold (on this depends 
its u«e for etching glass, a process m use long 
before the discovery of the element fluorine) 
Being almost the only substance not attacked 
by free fluorine, it was used by H Moissan in the 
construction of hw apparatus for the isolation of- 
this element (r Flpobine) 

References —Special Reports on the Mineral 
Resources of Great Britain, Mem Geol Survey, 
1916 vol iv Fluor spar, Imp Mm Res Bur 
London, 1921 On the fluor spar deposits of 
Derbyshire, see G B Wedd and G C Drabble, 
Trans Inst Mining Eng 190S 35, 501 , on 
those of Weardale, see W M Egglestone, tom 
cit 236 , a detailed list of fluor spar localities 
in the north of England is given by J M Sweet, 
Mm Mag 1930, 22, 263-264 On American 
deposits, see H F Bam, BulL U S Geol Survey, 
1905.no 255, E 0 Ulrich and W S T Smith, 
Prof Paper, US GeoL Survey, 1905, no 36, 
H Ries, “ Economic Geology,” New York, 1916 
On fluorescence and thermo-luminescence H 
Haberlandt and K Przibram, Sitzungsber 
Ahad Wiss Wien, Abt Ila, 1933. 142, 235, 
1934, 143, 151, E Iwase, Sci Papers Inst 
Phys Chem Res Tokyo, 1933, 22, 233 , 1933, 
23, £2 , 1934, 23, 153 
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FLUX A term used in metallurgy for the 
material or mixture of materials used in the dry 
as saving and smelting of ores for the purpose of 
combining with earthy materials present and 
removing these as a fluid slag, or for combining 
with and removing impurities from metallic 
substances, or for any material which is fluid at 
a high temperature and protects metallic bodies 
from oxidation 

All ores contain gangue, either of an acidic 

siliceous) or of a basic character which would 
generally remain unmelted, retain a considerable 
proportion of the metal and foul the furnace if a 
reducing agent were used alone in the treatment 
of the ore In order to remove this gangue, it is 
necessary to add fluxes which will combine with 
it to form a slag fusible at the temperature of 
the furnace 

4 distinction may be made between the fluxes 
which are used for assaying and those which 
are u«ed on a Large scale for smelting The 
more important fluxes u*ed m a slaving are 

Sodiurn Carbonate used for fluxing silica or 
quartz vieliimg easily fu'ibJe and fluid silicates 
of the tvpe xNa x O, ySiO r It also acts as a 
desulphurising agent and is u«ed for ores con 


taming zinc and tin compounds forming sodium 
zmeate and st annate respectively Sodium bi- 
carbonate, NaHCO s , is sometimes employed 
instead of the carbonate but possesses only one 
half the fluxing power of the latter 
Sodium Hydroxide, NaOH, occasionally 
used instead of scdium carbonate when the 
charge contains much tm 
Borax, NajB 4 0 7 , IOHjO, used either cal 
cined or as borax glass forms one of the most 
useful fluxes in dry assaying It melts readily 
and dissolves earthy and metallic oxides forming 
fusible borates It combines with siliceous 
materials to form a fusible slag which acts as a 
protection against oxidation 
Silica, SiOj is used in the form of sand in the 
case of basic or pyritic charges and reduces 
the corrosive action of the ba«es present on the 
crucibles employed 

Fluor-spar, CaFj, is a neutral flux and is 
used especially m the presence of phosphates 
It combines with silica and is a valuable solvent 
for barytes and gypsum 
As refining fluxes the following may be used 
Potassium Nitrate or nitre This is largely 
used as an oxidising agent as it is decomposed 
on heating and yields a large volume of oxygen 
It 19 especially useful when melting gold con 
tammated with such impurities as lead and 
copper 

Ammonium Chloride or sal ammoniac is 
also used in purifying gold as it is decomposed 
by certain metals m a molten state forming 
metallic chlorides and liberating ammonia 
The fluxes used in large scale smelting opera 
tions are few in number, and it is essential to the 
economic success of a process that the cost of 
6lag producing materials should be as low as 
possible An economy is frequently effected by 
using a mixture of ores containing different 
gangue minerals, for example, an ore with a 
siliceous gangue may be mixed in proper propor 
tion3 with an ore with a basic gangue so that 
no additional flux is needed In general, the 
character of the fluxes to be used must be 
decided by the nature of the ore in such a waj 
that the furnace charge shall contain siliceous 
and basic constituents in the proportions re 
quired to form a fusible silicate containing two 
: more bases 

Fluxes used on a large scale are of three 
classes 

(1) Acidic. — Silica as quartz, 6and, etc 

Natural silicates Siliceous slags 

(2) Basic — Lime or limestone is the most im 

portant, being used in enormous quanti 
ties in iron smelting Dolomite is also 
sometimes used as a basic flux in the 
smelting of ores of copper, lead, etc 

(3) Neutral. — Fluorspar This is used when 

it 13 desired to increase the fluidity of a 
slag It fluxes sulphates of calcium, 
lead and barium, calcium phosphate, 
silica, silicates, etc It is frequently 
used m the electric furnace manufacture 
of steel 

As a refining flux for metals on a large scale, 
sodium carbonate has become very important 
This is due to its j»owerfnl chemical affinity for 
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On these grounds it is easy to explain the fact j 
that high members of the homologous series of 
alcohols, acids, etc , are not efficient foaming 
agents for water These substances have a 
greater tendency to colloidal solubility and 
therefore give rise to the formation of homo 
geneous molecular aggregates at the surface 
layer The lower members, on the other hand, 
show molecular solubility but have very low 
surface activity The intermediate members 
show the optimum relation between hetero 
geneity of the surface film and surface activity 
This is illustrated by the values m Table I 
taken from Bartsch (Kolloid Beih 1925, 20, 5) 


Table I — SLaxemum Foam Stability for 
Homologous Series nr Aqueous Solution 


Solute 

Optimum 

Cone 

U&tto (Vine) 

Maximum 
duration 
of foam 
(seconds) 

Ethyl alcohol 

028 

50 

Propyl alcohol 

0 34 

11 0 

isoButyl alcohol 

0 09 

12 0 

isoAmyl alcohol 

0036 

17 0 

tert Amyl alcohol 

0 034 

10 0 

Heptyl alcohol 

0 0007 

80 

Octyl alcohol 

0 0003 

50 

Formic acid 

0 45 

40 

Acetic acid 

0 20 

80 

Propionic acid 

0 25 

no 

Butyric acid 

100 

18 0 

Valeric acid 

0 015 

9-0 

Caproic acid 

0 0075 

13 0 

Hep ty lie acid 

0 0015 

16 0 

Capryhc acid 

0 00025 

120 

Nonyhc acid 

0 00007 

50 


Only those organic liquids, such as oleic acid 
and turpentine, which are capable of spreading 
on a water surface act as foaming agents The 
velocity of spreading is not comparable with the 
Tate of increase of surface during the formation 
of t ho foam, and there is therefore no possibility 
of a homogeneous layer being formed 

Three Phase Foams — Solid substances (such 
as galena, zinc blende, carbon, etc ) which are 
not readily wetted with water and which 
therefore tend to migrate to a water/gas inter 
face may he used as foaming agents for water 
Their foaming power increases with degree of 
dispersion Thus galena of particle size 120- 
200/i was found by Bartsch (Kolloid Beih 
1925, 20 1) to increase the stability of a foam 
of an aqueous solution of amyl alcohol from 
18 seconds to CO seconds, whereas galena of 
particle size 50/t increased tb<j stability to 
several hours Hydrophilic powders such as 
quartz and feldspar are readily wetted by 
water and are thus incapable of foam stabihsa 
tion 

The stability of three-phase foams is greatly 
increased on the addition of an emulsifying 
agent The optimum concentration of emulai 
f)ing agent increases with the fineness of 
division of the solid. Bartsch deduces from 
these observations that a mono or di molecular 


layer of orientated molecules of emulsifying 
agent binds the aqueous solution to the gas and 
to the surface of the solid This orientated layer 
prevents the displacement of the adsorbed gas 
from the solid surface by the aqueous solution 
Such foams are therefore built up of flocks of 
gas, liquid, and solid, bound together by the 
emulsifying agent 

Traube and Ivieke (t> Bartsch, Ic, p 47) 
have shown that solid substances adsorb surface 
active materials more readily from water, the 
greater is their contact angle with water, that 
i$, the less readily they are wetted with water 
Thus a measurement of the contact aDgla of a 
solid against water will give a measure of its 
power of stabilising foam, all other things bemg 
equal The same authors showed that the 
foaming ability of a sobd may be destroyed, if 
a n insoluble substance is added to the system, 
which wets the solid phase more readily than 
doea water {c g chloroform.) 

The Stability of Foams 

One of the chief differences as a general rule 
between foams and emulsions is the much shorter 
life period of the former Although both systems 
are thermodynamically unstable the emulsion is 
capable of a closer approximation to thermo 
dynamic stability In most disperse systems the 
kinetic energy of molecules is an important factor 
m opposition to coalescence In foams, how 
ever, this factor 13 negligible on account of their 
semi ngid structure On the other hand, the 
tendency towards a reduction in mterfacial area 
through the agency of surface tension forces is 
far more marked with foams than with stabilised 
emulsions Although electrical forces play a 
part in the stabilisation of all disperse systems, 
their rfile is not so important in the case of foams 
where capillary forces apparently play a larger 
part In consequence of all these factors it is 
usually necessary to express foam stability in 
seconds Some lyophihe foams, however, persist 
for hours and, in exceptional cases, for days 
The following table taken from Plateau, 

I ‘ Statique exp4mnentale et th^onque des 
liquides Boumis aux seules forces moUcuIaires," 
1873, II, 12, gives the maximum stability 
observed for foams of different systems 


Table II — Maximum Stability of Foams 

ACCOBDINO TO PLATEAU 


Substance 

Maximum 

stability 

Pistilled water 

7 seconds 

Isitnc acid 

1 second 

Saturated solution of tar 


tanc acid 

142 seconds 

Acetic acid 

8 seconds 

Marseille soap I 

2 hours 

pomestic soap i 

90 minutes 

potash rosin soap j 

1 hour 

Saponin solution 1 

12 hours 

Albumin solution . ! 

Several day s 

feme acetato solution I 

24 hours 
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FOAMS 


stabilising agents Tlus phenomenon has found 
application in flotation practice (c Flotation 
Process) 

Ftscosify — Evidence for the influence of fluid 
viscosity upon foam stability is as unconvincing 
as in the case of emulsion stability In a senes 
of experiments by Bartsch an attempt was 
made to increase tho stability of nmyl alcohol 
foams by the addition of glycerol and glycol 
The results were negative until concentrations 
of 60% were reached Nevertheless there is a 
general impression that lugh viscosity promotes 
foam stability, but quantitative measurements 
are very difhcult owing to the fact that the 
viscosity of the bod) liquid may be very different 
from that of the foam lamina Many examples 
of increase of foam stability due to the addition 
to tho sj stem of components of high viscosity 
may be more profitably discussed from the 
point of view of modification of the properties 
of the interfacial membrane 

Technical Applications op Foams 

(1) Beverages — The question of providing 
beer with a stable but not too fine grained 
foam is of great importance in the brewing 
industry The velocity of fermentation is an 
important factor in determining the stability of 
the foam (Freundhch, “ Knpillarehemie,” 1932, 
2, 828) It is not certain what constituents 
of beer act ns foaming agents, proteins 
(Windisch and Bermann, \\ och Brau 1019, 
36, 319, 37, 109, 121, 137, 145, 153) and hop 
re«ms (Emslander, ibid 1926, 43, 418) are the 
most probable, but wheat gum and other 
dextrin like substances probably increase the 
stability of tho foam by modifying the properties 
of the membrane 

Lemonade and other “ minerals ” mav be 
provided with a suitable foam by the addition 
of 0 01 g of sapomn to 1 litre of liquid 

(2) Fire Fxfmytusbers — For the smothering 
of small conflagrations, and especially those 
winch involve burning oil or other organic 
hquids, devices which project a foam on to the 
■surface of the burning material are frequently 
emplojed The*»e generally provide for the 
rapid generation of carbon dioxide m the 
presence of a solid foaming agent It was 
formerly thought that the chemical nature of 
the carbon dioxide was responsible for the fire 
quenching properties of the foam Treichel 
(Chem Ztg 1935, 53, 69) has shown, however, 
that the effect is duo to the foam lamina: which 
isolate the burning surface from the surrounding 
air , foams of air or even oxygen are equally 
effective (r Finn Prevention and Extinc 
tion) 

(3) Flotation of Minerals — This subject is 
dealt with elsewhere in this volume, but a few 
words may bo added here on tho connection 
between foam and flotation A quantity of 
finely ground ore is 6tirred with w ater, a foaming 
agent added and air blown in A foam is formed 
on the surface of the liquid and the hydrophobic 
constituents of the ore are earned to and 
retained at the air/hquid interface, whereas 
the hydrophilic constituents sink as a sludge to 
the bottom of the vessel {r section on Three 


Phase Foams) The foaming agents are of two 
types — 

(a) Am) 1 alcohol, cresol, xanthates etc , which 
themselves form the foam 

(b) Oleic acid, paraffin oil, naphthylauime, 
xyhdine, etc , which are adsorbed by the 
hydrophobic particles and form “ foam flocks ” 
Such agents are called “ collectors ” Two of 
the most important series of " collectors ” for 
sulphide minerals are the xanthates, of general 

ROy 

formula = S and the “A crofloats" (Peter 

sen, Kolloid Z 1932, 58, 121), of formula, 
ROv /OR 

(R is an alkyl group and M 

\SM 

a metal or other base usually alkali metal) 
These materials, which need only bo used m small 
amounts, appear to be bound to the sulphide 
surface b) chemical forces There is evidence 
(Lintem and Adam, Trans Faraday Soc 1935, 
31, 664) that a surface oxidation of the ore 
is essential for thp chemisorption of these 
“ collectors ” 

(4) Detergent Action of Foams — The use of 
foams of soap and other surface active materials 
as detergents, mvolves a reversed application 
of the flotation process Particles of dust or 
other impurities adhering to a surface, migrate 
to the foam interface if they nre hydrophobic, 
when the foam is removed the impurities are 
carried with it Emulsification and peptization 

ro cesses are, of course, abo involved in the 
etergent action of soaps 

(5) Liquidlgas Reactions in Foam Systems — 
It 19 a fact of technical importance that the 
reaction velocity of a gas with a liquid is 
markedly increased when the reactants form a 
foam system A reactive gas reacts the more 
quickly with a liquid, the finer are the bubbles 
of the foam A erj fine bubbles may be produced 
(Coehn, Z Elektrochem 1923, 29, 1, 306) by 
forcing the gas through a filter whose potential 
is of the same sign as that of the bubbles 
1 or negative!) charged bubbles, which are 
formed in the vast majority of case*, clay filters 
are suitable Biesalski (Z angew Chem 1928, 
41, 853, Biesalski, von Kowalski and W acker, 
Ber 1930, 63 [B], 1G98) rapidly hydrogenized 
man) organic compounds in aqueous solution 
by adding saponin to the liquid and blowing a 
stream of hydrogen bubbles through it In a 
similar manner he was successful m completing 
the catalytic reaction of oxygen and hydrogen 
by metal sols at room temperature 

Prevention or Foamino 

It frequently happens m individual processes 
that foams are formed when their presence is 
undesirable In the heat treatment of emulsi 
fied oils, for example, the tendency to foam is 
inconvenient, if only for mechanical reasons, 
while foams formed in the coating of paper maj 
cause the bath of coating mix to overflow and 
make it difhcult to observe whether the rollers 
are dipping completely into the mix and ■ paper 
with a heterogeneous surface may be produced 
Other objectionable foams are met with in the 
dehydration of tars and in steam distillation 
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A ron Lmgelsheim (Arch Pharm 1928, 268, 
218) states that the colouring matter of thtj 
seeds is found in the palisade layer of the testa 
and also in the tissues of the embryo It is a 
flavone derivative and may be identified by the 
reaction of Willstatter and Everest The whole 
seed is employed to avoid the extraction of the 
mucilage and is macerated for 24 hours in a 
moderate quantity of water to obtain a strongly 
tinted solution A little magnesium mercury 
amalgam is added to the filtered solution and, 
with constant shaking and cooling, small quanti 
ties of hydrochloric acid, resulting m the reduc 
tion of the flavone to a red coloured derivative 
The Whole Plant — According to analyses by 
D’ Ancona (Landw Yersucbs Stat 1899, 51, 
387), the percentage composition of the dry 
matter is 

Protein Fat N free extract Crude fibre Ash 
13-4 3-4 47 0 306 5 6 

The percentage composition of the pure ash is 
K,0 NijO CiO MjO Fe,Oj P,0 4 $0 3 SO, C 
19 1 76 29 8 10 49 81 4123511 

In composition, fcenugreek resembles crimson 
clover and it is recommended as a farm crop 
Since, however, the peculiar flavour of the plant 
is transmitted to both milk and meat, the fodder 
is more suited for working animals than for 
fattemng or milk production The peculiar 
odour and flavour of the plant is said to be due 
to the oil , it is very pronounced in the spring, 
but becomes less when the plant ripens 

T McL 

FOLINERIN A glycoside now known to 
be identical with o leandnn (i \ ol II, 3S66) 
FOOD PRESERVATION is a subject dis 
cussed in several articles in this Dictionary, e g 
Food Pbeservattves, Fumioatiov, etc, and 
the present article will deal briefly with canning 
and gas storage of food 


Canntnq and Bottuno 

The first large scale success m bottling foods 
was due to Charles Appert (t Bibliography) a 
French chef His idea was to heat the food 
out of contact with air as access of air was con 
sidered to be the cause of putrefaction Stout 
glass bottles nearlj filled with food, already 
partly cooked, were carefully corked and heated 
m a water bath for times depending on the kind 
of food (Drummond and Wilbraham, ‘The 
Englishman's Food,’ p 376) Canning food, 
however, rather than bottling, was destined to 
bo a great industry, and this was started about 
1813 by Bryan Donkin and John Hall of 
Dartford Iron Works, Kent, who first introduced 
tinned iron containers 

The canning industry prospered in Australia 
and the U.S-A where there was surplus beef 
for canning and export to England as a cheap 
food (1866 onwards) The technical improve 
ments necessary for the development of the huge 
American industry were stimulated by the 
demand for Army supplies during the American 
Civil War (Crtiess, Commercial Fruit and 
\ egetable Products,’ 2nd ed , McGraw Hill 
Book Co , J»ew \ork, 1938) 


Cana — Before 1903, the food was inserted 
through a circular opening in the top of the can, 
a disc or the lid itself, provided with a small vent 
hole, was soldered over the opening and after 
preliminary heating to displace air by steam 
this hole was sealed with a drop of solder, the 
can was then ready for processing Among 
other objections to this “ hole and cap ’ tm was 
the possibility of contaminating the food with 
traces of lead from the solder The “ hole and 
cap ” can is handled twice, as there are two 
periods of heatmg in the sterilising retort (auto 
clave m other industries) Except for special 
purposes the sanitary or solderless can is now in 
general use This can is not soldered on any 
inside joint, only the external side seam of the 
can body is soldered The tinplate as purchased 
13 usually coated with one or two coats of a 
stoved lacquer The end pieces are stamped out 
of the same tinplate, flanged, and a rubber seal 
mg composition is run into the flange The 
bottom of the can is affixed in a double seaming 
machine (for details v 0 and T W Jones, 
‘ Canning Practice and Control, ’ Chapman and 
Hall, London, 1937) The lid is attached by a 
similar machine after the filled can has been 
heated to expel air or after the air has been 
evacuated during the continuous flow of cans 
on the automatic can line British Standard 
No 866 — 1939, contains a schedule of sizes of 
metal containers for food products for British 
packers in the United Kingdom 
Tinplate —Coating sheet iron with tm was a 
secret manufacture in Bohemia and Saxony 
The process was brought to England m 1671 and 
a successful manufacture was started in Ponty 
pool about 1720 by John Hanbury (Eaton, Food 
Manufacture, 1939, 14, 48) The base metal of 
the tinplate was formerly wrought iron hut is 
now steel The unit quantity of tinplate is the 
base box containing 112 sheets coated with 0 85- 
3 25 lbs , total weight of tm per box, grades A to 
G each of 28-32 B G , 14 x 20 in of steel (For 
glass containers t Bamby, Food Res 1938, 3, 
240, for substitutes for tinplate v Yilhams, 
tbtd 278, cf Hoare, Internet Tm Research 
Council, Techn Publications A ho 30) 

Corrosion of the steel by acid fruit juices 
liberates hydrogen which may exert a pressure 
sufficient to bulge the ends of the can, and dis 
coloration of several kinds results from the solu 
tion of iron or tin Traces of dissolved feme 
iron combine with tannins, so that apples may 
be blackened especially after exposure of the 
fruit to air A good vacuum in the tm is a pre 
ventn e measure (Moms and Bryan D S I R 
Food Invest Special Kept No 40, 1931, p 70) 
In a later report the same authors state that 
strawberries showed a marked discoloration in 
presence of 2 p p m of iron, which with 5 p p.m 
was sufficient to condemn the fruit Dissolved 
tm reacts with the soluble anthocyamn colouring 
matters , Sn, 2 ppm gives a bluish shade to 
black currants 10 p p m would justify rejection 
[ibid Special Kept Ko 44, 1936 p 50, Second 
Kept * Corrosion of the Tinplate Container * ) 

It follows that all fruits containing an thocyaw ns 
should be packed in double lacquered cans 
The worst blackening is due to ferrous sulphide , 
the sulphur may be derived from the food, or 
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juices v Pulley and Von Loesecke, Ind Eng Analysis of Foods,” D Van Nostrand Co , New 
Chem 1939, 31,1276 York, 1938, pp 120-143 Spectroscopy has been 

Processing (sterilisation) — The times and applied to this branch of analysis by Drea for 
temperatures of processing must be so related milk (J Nutrition, 1934, 8, 229 , 1938, 16, 323) 
that the finished product does not contain living and by Harrison (Food Res 1938, 3, 121) 
micro organisms or their spores (T W Jones, The following references to articles in this 
J S C I preprint 12/4/1940 , 0 Jones, Food, Dictionary and to recent papers in the liters 
1937, 6, 300 , Bigelow, v Bibliography) Parallel ture may be cited 

with investigations of the thermal death T%n — Adam and Homer, J S C l 1937, 66, 
times of bacteria have been measurements of 331T Torskil, Amer Chem Abstr 1939, 33, 

the rate of transfer of beat from the heating 6523 Lepierre, ibid 6929 Bertrand and 

water or steam to the centre of the can, and the Ciurea, Compt rend 1931, 192, 780 Mathiesen 
effect of the p n of the juice, an acid reaction and Jakobsen Amer Chem Abstr 1940, 1753 

assisting sterilisation Ball has published a See also Vol I, 169d, Vol II, 671, 69Ca, 

graphical method of calculating the correct colorimetric, Vol II, 672, spot test, Vol II, 
time and temperature of processing from these 6816 

data (Canner, 1927, 64, 27) Nelson and Bern Lead — Wichmann, l c Clifford, Amer Chem 
gan (J Agnc Res 1939, 59, 465) consider that Abstr 1938, 32, 6934 Momer Williams, Min 
complete sterilisation is seldom obtained in Health Rept Public Health Med Subjects, 
canning meats, although no organism may grow No 88, 1938 Cheftel (lead .from solder), Ann 
for a reasonable time of storage They found Falsif 1939, 32, 406 Microchemical Bensso, 
that teat organisms in a No 2 meat can were Mikrochem 1938, 26 221 , Adams, ibid 29 , 
usually killed by 65 minutes exposure to 16 lb Mahr, t&id 1939, 26, 67 Ingleson (lead m 
steam pressure (121°C ) The test organisms water supply). Analyst, 1938, 63, 646 Lampitt 
included B Colt, C botuhnvm and Salmonella et al (lead in canned sardines), Analyst, 1933, 
types (c/ Savage, infra) A recent development 58,733 See also Vol I, 159i, Vol II, 680c, 
has been heating for a shorter time to a higher spot test, Vol II, 661c, volumetric, Vol II 
temperature than usual, a method studied 661 , colorimetric, Vol II, 671 , electrolytic, 
especially by Ball (Food Res , 1938, 3, 37, v Vol 11, 701 

pp 49-66 for bibliography and patents) Aluminium — Momer Williams, Mm Health, 

Correct processing of meat and fish destroys Rept Public Health Med Subjects, No 78, 1935 
the specific bacteria and toxins associated with Lampitt et al , Analyst, 1932, 57, 418, Lunde, 
food poisoning Researches by Savage and JSC 1, 1937, 66, 334 T See also Vol II, 592, 
others dispelled the popular Idea that tainted 650 , volumetric, Vol II, 650 , colorimetric, 
meat (although objectionable) necessarily caused Vol II, 669 , spot test, Vol II, 679 
food poisoning (W Q Savage, “ Canned Foods Copper —Wichmann, l e Drabkin, Amer 
in Relation to Health,” Cambridge University Chem Abstr 1939, 33, 6909 In tomato pro 
Press, 1923, Lancet, 1939, u, 991, S Dixon, ducts Sage and Stevens Analyst, 1938,63, 710 
“Relation of Food to Disease,” Inst Chem Microchemical • Bertrand and L do Saint Rat, 
Lecture, 1932, Bumford, Bnt Med J 1938, Mikrochim Acta, 1937,1,6 cf von der Heide 
l, 620) and Henmg, Z Unters Lebensm 1933, 66, 

Metallic Contamination — Canned food has 341, spot test, Vol 11,580 Lampitt et al , 
been known to contain metallic salts m objection Analyst, 1936, 60, 376 See also Vol 11,686, 
able amount, although traces, believed harmless, volumetne, Vol II, 650 , electrolytic, Vol II, 
are common There 13 an extensive and in 700, colorimetric, Vol il, 671 

genrnva’iEtfvthjvi’ Be, nr — JRmbmruiT, »V JAnlkmf «tav£ Beisitv, 
for detecting and estimating the metals likely Amer Chem Abstr 1939, 33, 69G9 Caughey 
to occur in food The Bibliography, 1921-33, et al , ibtd 1938, 32, 6936 See also Vol II, 
of the Society of Public Analysts should first be 567, 589 , volumetric, Vol II, 668 , spot test, 
mentioned, and on the experimental side the Vol II, 681 

collaborative work and the investigations of in “ Antimony xn Enamelled Hollow-ware ” — 
dividual referees of the Association of Official Momer Williams, Mm Health Rept Public 
Agricultural Chemists which appear annually Health Med Subjects, No 73, 1934 See also 
in recent years The reports are prefaced by a Vol II, 673, COO , electrolytic, Vol II, 700 
separate discussion by Wichmann and thus may “ Solubility of Olazts and Enamels tn Cooling 
be readily found m the Journal of the Associa Utensils ' — Momer Williams, ibid No 29, 1925 
tion and in the abstract Journals In 1938 and Manganese in Water Supply — MQhlenbach, 
1939 the methods examined were for As Cu, Z Unters Lebensm 1938, 70, 254 
' , (F) Pb, Hg, Se Bibliographies of single Arsenic — Wichmann Ic See also Vol I, 

metals are contained in G W Momer Williams’ 470, Vol II, 573, 699, electrolytic, VoL II, 
reports on analytical methods published by the 700 

Ministry of Health For metals m food colour Bibliography. — Charles Nicholas Appert, 
ing materials reference should be made to the “L’Art de Conserver,” Pans 1810, “The 
Reports of the Sub Committee of the Society of Art of Preserving,” London 1811 , “ L’Art de 
Public Analysts (e g J la cars et al , 3rd Rept Conserver,” 4 th ed , Pans, 1831 J C Drum 
Analyst, 1939, 64 330) The detection of metals mond and Anne Wilbraham, " The English 
la treated in the manuals of lood Analysis by man’s Food,” J Cape, London, 1939 W Q 
H E Cox and other authors (r Food Pkeser Savage, “ Canned Foods in Relation to Health,” 
vattves) Mention may be made of the chapter Cambndge University Press, 1923 W W 
on metal3 in food In W B Jacobs’ ” Chemical Chenoweth, “Food Preservation,” J Wiley & 
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by C0 2 gas storage, but a consequent detenora 
tion of flavour sets a limit to the method (U S 
Dept Ag nc Techn Bull No 318, 1932) Pro 
longed researches have been carried out by the 
Food Investigation Board on the storage of 
fruit in atmospheres differing ■widely in their 
content of CO,, 0 2 and N 2 (v Bibliography for 
summarised account) and the conditions for 
C0 2 gas storage have now been established 
Attention should be called to N C Thornton’s 
researches at the Boyce Thompson Institute, 
Yonkers USA {r Bibliography) A low per 
centage of C0 2 retarded respiration and npen 
mg and reduced astringency and aciditj , high 
percentages of C0 2 impaired the flavour of all 
the fruit and vegetables tested The span and 
speed of life in fruits can now be controlled by 
storage in an atmosphere containing a suitable 
proportion of C0 2 which may be derived from 
the fruit itself, ripening is thus retarded and the 
life of the fruit lengthened, similar effects are 
produced by the use of atmospheres containing 
much less oxygen than air F Kidd (Proc Roy 
Inst 1935, 28 351) showed that the vapour 
given off from ripe apples produced the same 
effects on seedlings and on unripe apples as air 
containing ethylene The apples showed an 
immediate increase in respiration followed by 
development of odour, flavour and colour The 
literature of this subject and of the treatment of 
food with ozone is summarised in the bibho 
graphy 

Bibliographical Summary 

Since recent literature on gas storage is far too 
extensive to report m this article, the following 
summary of references has been compiled to 
indicate briefly the contents of the publications 
or the conclusions reached by their authors 

Atmospheres Enriched with Carbon Di- 
oxide — { 1 ) Storage of Eggs — R B Raines, 
“ The Storage of Eggs,” D S I R Food Invest 
Spec Rept No 26, n M Stationery Office, 
London, 1926 (includes measurement of humidity, 
pp 7-14), “ Microbiology m the Preservation 
of the lien's Egg,” tbid Spec Rept No 47, 
1939 , “ Preservation and Storage of Eggs,” 
Chem and Ind 1940, 59, 313, 394 T Moran, 
J S C I 1937, 56, 96T T Swenson, “ Storage 
of Shell Eggs,” Bull Hygiene, 1939, 14 499, 
Food Res 1938, 3, 599 * Kidd (B P 397848) 
uses absorbents of CO t to control the composi 
tion of the storage atmosphere 

(II) Storage of iff eel and Fish — R B Haines, 
" Microbiology in the Preservation of Animal 
Tissues,* DSIR Food Invest Sped Rept 
No 45, II M Stationery Office, London, 1937 
Pennington (lee and Refng 1939, 96, 235) 
stored meat for 35 days at 29-30°F in 8-10% 
CO,, the colour was preserved and the develop 
ment of moulds and of rancidity prevented 
Kaess, Angew Chem 1939, 62, 17, a review with 
references T Moran (J S C I 1935, 54 151T) 
describes meat storage Moran, Smith and 
Tomkins (i bid 1932, 61, 114T) found that CO, 
inhibited mould growth on meat especially 
at low temperatures Callow (ihid 116T), 
observed a similar effect on pork and bacon 
Coyne (ifcid 119T, 1933, 52, 19T) employed 


50% C0 2 at 0° for preserving fish and inhibiting 
bacterial growth Hames (ibid 13T) compared 
the inhi biting effect of 10% and 20% CO a 
Killeffer (Ind Eng Chem 1930, 22 140) found 
that C0 2 was absorbed in the surface layer o 
meat and fish, lowering the p H and preventing 
bacterial growth Fisk (Food Ind 1936, 8 390, 
446, 488, 67 1, 602) reviews the storage of meat 
m CO, and states that 10-20% is often more 
effective than higher concentrations 

(III) Mill and Butter — Alekseev et al (Amer 
Chem Abstr 1936, 4935) preserved milk and 
butter m C0 2 but reported an acid flavour 
Kidd and Moran (ibid 1938, 32, 7593) state that 
fats become rancid and fruit and vegetables 
brown in atmospheres enriched with CO s the 
remedy would be almost entire exclusion of O a , 
storage in pure N 2 at 0° doubled the keeping 
quality of butter 

Margarine — Lundsgaard (B P 468810) claims 
that C0 2 improves the keeping qualities 

(IV) Storage of Fruit and Vegetables — C 
Brooks et al (U S Dept Agric Tech Bull 
No 318, 1932 , No 519, 1936) found the rotting 
of fruit and vegetables was retarded in atmo 
spheres containing 25% or more of C0 2 but a 
deterioration of flavour limited the time of 
storage Zagorjanskil (Amer Chem Abstr 
1934, 1417) observed that CO s from the 
respiration of the fruit accumulates under the 
paper wrappings in concentrations sufficient to 
inhibit mould growth at 0° V H Blackman 
(Science Progress, 1939, 33, 417) gives a review of 
fruit storage Allen and Smock (Amer Chem 
Abstr 1938, 7152) stored fruit in atmospheres 
containing 5-10% CO s and 6-11% 0 2 , the pro 
d action of soluble pectin in the fruit was retarded 
and the period of marketability prolonged 
Thornton (*6*cf 7162) determined the effect of 
CO, storage on the vitamin C contents of some 
unripe fruits (diminished) and of npe fruits (no 
loss) Eaves (ibid 1 939, 33, 255) found usually 
an increase in p B in the juice of fruits which had 
been stored m C0 2 High concentrations, 
53 5%, of CO, depressed and low concentrations 
6 25% stimulated the C0 2 output of fruits 
during storage for 5 days Fungal invasion was 
retarded 

According to USP 1798781, fruit and 
vegetables are placed in storage m an atmo- 
sphere of 40% C0 2 diminished to 15% as the 
temperature falls 

(V) Strawberries — Smith (DSIR Food In 
vest Bd Rept 1937, 165) recommends an atmo 
sphere containing 10% C0 2 and 10% O, mam 
tamed at 0° 

(VI) Peaches — Tindale et al (Amer Chem 
Abstr 1939, 33, 1828) stored peaches in 8-10% 
CO, without impro\ement as regatjls fungal 
decay 

(\II) Bartlett Pears — Gerhardt and Ezell 
(B J938, 842) gave tho pears a preliminary 
storage in 20-35% CO t the loss by surface 
scald was reduced 

(VIII) Pears — Kidd and Meat (DSIR 
Tood Invest Bd Rept 1937, 93, 101) state that 
pears npen when stored at CO-TO^F in an 
atmosphere containing 2 5% O t and 10% CO,. 

(I\) Potatoes — Stastny (Amer Chem Abstr 
1939, 33 64 C6) found that potatoes deteriorated 
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containing much H 2 0 E W Riesbeck, “ Air 
Conditioning,” 2nd ed , Goodheart'-Willcox Co , 
mcludea ozonising B Waeser (Chem Fabrik, 
1939, 129), bibliography mcludea ozone W H 
Cook (Ice and Cold Storage, 1939, 42, 8) reviews 
cold Btorage of fruits and meat in ozonised air 
Scupin (Amer Chem Abstr 1939, 1054), states 
that ozone treatment largely inhibited fungal 
and bacterial growth on food stuffs Kaess 
(Angew. Chem 1939, 52, 17), a review of ozone 
treatment 

J N G 

FOOD PRESERVATIVES.— In Murray’s 
New English Dictionary, a preservative is a 
“ chemical substance or preparation used to 
preserve things subject to decomposition as 
perishable food stuffs ” , the earliest quotation 
is, “ Salt is not an effectual preservative,” 
C Lucas, Ess Waters, 1756, IT, 36 , and the 
latest is from the “ Westminster Gazette,” 3/2, 
23 February, 1898, " a question of great difficulty 
to the public analyst is the introduction of 
preservatives into articles of food " 

In the Public Health (Preservatives, etc , in 
Food) Regulations, 1925 to 1939, Article 2 (1), 
" preservative ” means “ any substance which 
is capable of inhibiting, retarding or arresting 
the process of fermentation, acidification or 
other decomposition of food or of masking any 
of the evidences of putrefaction , but does not 
include common salt (sodium chloride), saltpetre 
(sodium or potassium nitrate), sugars, lactic acid 
acetic acid or vinegar, glycerine, alcohol or 
potable spirits, herbs, hop extract, spices and 
essential oils used for flavouring purposes or 
any substance added to food by the process of 
curing known as smoking ’ 

The decompositions and putrefaction above 
mentioned are known from the work of Pasteur 
(1822-95) to be associated with the rapid multi 
plication of micro organisms i e bactena, 
moulds and yeasts 1 in the foods or beverages — 
micro organisms which may have been present 
in the raw materials or may have infected the 
food-stuff at any or all stages from preparation 
to consumption Since bactena or their spores 
are usually abundant in air, water, dust, soil 
and on the hands of workers, almost all food 
stuffs contain living bactena unless special 
precautions are taken to exclude them How 
ever, the bactena will not multiply in or on a 
suitable medium Buch as a food stuff unless 
certain conditions are satisfied as regards mois 
ture, temperature, pjj , concentration of the 
products of their metabolism and the absence 
beyond small concentrations of antiseptics or 
preservatives (v Disinfectants) A great part 
of the mechanism of the degradation of food 
stuffs is operated by the enzymes {q v ) secreted 
by the cells, enzymes which attack specific 
components of the foods , the classical instance 
is yeast zymase (Buchner, Ber 1S97, 30, 117, 
1110) which ferments sugar The rates of 
growth (multiplication) of different species of 
bactena and the velocity of action of different 
enzymes severally on their respective substrates 
are retarded by chilling or freezing, by varying 
the p a from the individual optimum or by 

* For convenience •• bacteria * will Include yeasts 
and mould* 


adding preservatives or enzyme poisons Bleyer 
el al (Arch Pharm 1933, 271, 539) studied the 
separate effects of 15 preservatives on 7 common 
enzymes By heating above certain minimum 
temperatures, ^00° is often sufficient, or by m 
creasing the concentration of preservative both 
bactena and enzymes are destroyed For pre 
cautions necessary for resistant bactena and 
spores, see Medical Research Council, “ A System 
ofBactenology,” Vols I and IX, HM Stationery 
Office, London, 1929-31 An early expenraenter 
on these hues was D Papin who used steam at 7 
atmospheres pressure for preserving meat, bones, 
etc (‘ A New Digester or Engine for Softening 
Bones,” London, 1681) 

Bacterial Spoilage — Haines (Proc Brit Assoc 
Refng 1936-37, 33, No 1, 134) has classified 
the kinds of spoilage caused by micro organisms 
tables of spoiled foods and of the causative 
bacteria are given 

Preserving Food — The modem methods of pre 
serving food by cold storage and transport, 
canning, etc , depend on a knowledge of bacteno 
logy, but the empirical arts of preserving food 
are of great antiquity The earliest methods 
were (I) drying, in the sun or by artificial heat, 
or (II) curing in wood smoke, (III) pickling in 
strong brine, or mtre, (IV) m vinegar or alcohol, 
(V) heating and covering with syrup, (VI) or 
with butter, olive oil or spices (VII) Packing 
in ice, (VIII) or charcoal (J Sinclair, “ Code of 
Health and Longevity,” 1807, I, 431) Roman 
soldiers received a ration of salt pork, or a pay 
ment salanum = salt money (hence salary) 
Processes I, III and V depend largely for their 
success on the difference in osmotic pressure 
between the contents of the bacterial cells and 
the concentrated solutions in contact with them 
Water passes outwards through the cell wall 
into the solution of high osmotic pressure and 
the cells are damaged or killed ( plasmolysis ) 
(For bacterial counts in dried foods, see Prescott, 
J Bact 1920, 5, 109 ) There are, however, 
species of micrococci which flourish in concen 
trated salt solutions (Pettersson, Arch Hyg 1900, 
37, 171 , Macara, Proc Roy Inst 1937, 39, 657) 

Wood Smoke — Callow (Analyst, 1927, 52, 
391) found formaldehyde m wood smoke and in 
smoked ham Pettet (D S I R Food Investi 
gation Board Report, 1936, 111) estimated 
formaldehyde in wood smoke hy Grutzner’s 
method (Arch Pharm 1896, 234, 634) and total 
aldehydes and ketones by Parkinson and 
Wagner’s lodometric method (Ind Eng Chem 
[Anal ], 1934, 6, 433) Pettet and Lane (Chem 
and Ind 1940, 59, 258) found formaldehyde, 
acetaldehyde, furfuraldehyde, 5 methylfurfur 
aldehyde, acetone, diacety], methyl and ethyl 
alcohols, phenol, formic and acetic acids in the 
smoke 

The following authors studied the preser 
vative action of wood smoke Serafim el al 
(Hyg Rundschau, 1890, 267) , Valagussa (Ann 
d’lg epenm 1897, 7, 546, Centr Bakt 1892, 
11, 577) Tillmans, “ Ilandbuch der Lebens 
mittelchemie,” Berlin, 1933, 1, 1002, attributes 
the preservative effect mainly to surface drying 
but also to penetration to some extent of phenol, 
creosote (creosote (1835), by derivation is the 
meat preserver), pyroligneous acid, formaldehyde 
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test solution with 1 c c aqueous 4% phenyl 
hydrazine hydrochloride, and 3-4 drops of also 
freshly prepared 0 5% sodium mtroprusside 
solution, then made strongly alkaline with a few 
drops of cone NaOH. A blue coloration 19 
given by formaldehyde, limit 1 ppm Acet 
aldehyde, furfural, benzaldehyde, acetone and 
methyl a'cohol do not react in this way, bone 
acid does not interfere The mixed reagents 
alone give a red colour Schryver’s modification 
is more sensitive (Proc Roy Soc 1910, B, 82, 
226) The reagents added to 10 c c of the teat 
solution are 2 c c of freshly prepared and 
filtered 1% phenylhydrazine hydrochloride, 
then 1 c c of fresh 6% potassium femeyamde, 
finally 5 c c of cone hydrochloric acid A 
brilliant magenta colour indicates formaldehyde 
and its intensity gives an indication of the 
quantity present within the limits 1 10 s and 
1 10* Fincke a test (Z Unters Lebensm 
1014, 27, 246) is earned out with a modified 
Schiff s reagent with which acetaldehyde gives 
only a fugitive colour, while furfuraldehyde does 
not interfere with the relatively permanent 
colour which develops in presence of formalde 
hyde Demgfes’ method (Compt rend 1910, 
150, 529) is very similar and is operated by 
Elvove (Ind Eng Chem 1917, 9, 295) for 
colorimetric purposes with a reagent prepared 
from anhydrous sodium sulphite 
Dimedon (6 5 Dimethyldihydroresoreinol) q v 
precipitates formaldimedon crystals, m p 189°, 
even from 0 004% H C H O solutions, a test 
suitable for microchermstry , with a solution con 
taming 0 00005% H C H O, a distinct turbidity 
is visible after standing 4-6 hours (c/ Jonescu 
et al , Bull Soc Chim 1930, [iv], 47, 1408) 
The corresponding acetaldimedon has m p 139° 
(Vorl&nder, Z anal Chem 1929, 77, 321) 
Formaldehyde (I) and Hexamethylenetetramine 
(II) (R richer, Z Unters Lebensm 1934, 
67, 171) — The separation depends on the fact 
that II is not appreciably decomposed when an 
alkaline solution of (I) and (II) is cautiously 
warmed on the waterbath The micro beaker 
containing the solution is covered with a slide 
carrying a few crystals of dimedon m a suspended 
water drop, very fine needles (m.p 189°) of 
formaldimedon are formed The contents of 
the beaker are evaporated to dryness finally 
over HjS 0 4 in vacuo, 0 5 c c water added and 
the test for (I) with dimedon repeated, this 
should now be negative The liquid is acidified 
with excess of HjS 0 4 and warmed when the 
test now gives a positive result from the (I) 
liberated Finally the liquid is made alkaline 
and warmed beneath a slide carrying a drop of a 
suspension of dinitro a naphthol, the NH S 
formed in the decomposition of (II) reacts to 
form needles, m p '176° (Klein and Sterner, 
JahrbQcher wissensch Botamk, 1928, 68, 602) 
Sensitivity (I) 20pg , 1 100,000with2c c solution, 
with 10 c c in a Bmall flask, 1 250,000 For the 
technique, see R Fischer, Archiv Pharm 1933, 
271, 466 , ef Kollo and Folychromade, Pharm 
Zentralh 1932, 73, 578) (II) may be detected as 
the ferrocyanide, Behrens Kley, “ Orgamsche 
Mikrochcmuche Analyse,” 2nd ed 1922, p 67 
Hehner's (Tryptophan) Reaction (literature 
cited by II Meyer, “ Nachweis and Bestim 


□rang orgamscher Verbmdungen, Berlin, 1933, 
47) — About 0 1% of peptone, casern or albumen 
or 2 cc fresh milk (free from aldehydes) is 
dissolved ia5cc of the test solution, to this is 
added 7 c c of 25% H C L containing 0 02% 
feme chloride, and the mixture gently boiled 
for about 30 seconds formaldehyde gives a 
violet coloration (Leonard and Smith, Analyst, 
1899, 24, 86) Heimrod and Levene (Biochem 
Z 1910, 25, 18) mix 1 cc of the original solu 
tion with 1 or 2 c c syrupy phosphoric acid 
(<£ 1 7) 1 drop of a dilute solution of peptone 
(v supra) in phosphoric acid followed by 1 drop 
of 5% FeClj solution Cone H a S0 4 is then 
poured below the cold solution, when a violet 
zone appears if aldehydes are present If 
Hehner’s reaction with the same specimen is 
negative, formaldehyde is absent, if both tests 
are positive another aldehyde may be present as 
well as formaldehyde 

Fluorides — The manufacture or sale of any 
article of food containing any addition of 
fluorides is an offence under the Preservatives 
in Foods Regulations The 1924 Report of the 
Departmental Committee considered fluorides 
to be among the most objectionable preserva 
tives They are also among the most effec 
tive Gottbrecht found that hydrofluoric acid 
in 0 1% solution prevented putrefaction of meat 
(Ther Monatsh 1889, 8, 411) Fluorides were 
formerly added to butter to prevent mould 
growth (Momer Williams, “ Food and the Con 
sumer, ’ Inst Chem Lecture, 1935, 6) Rost 
(14th Intemat Congr Hyg 1907, 4, 166) re 
ported that fluorides were cell poisons and 
and specifically harmful for the metabolism of 
bones and teeth It was discovered m 1890 
that cattle fed on the spent grams of German 
distilleries in which Effront’s antiseptic for yeast, 
hydrofluoric acid, had been used, developed 
brittleness of the bones 

The Chief Medical Officer of the Ministry of 
Health (Annual Report, 1937) records that the 
presence of fluorine, 2-5 parts per million, in 
water supplies was sufficient to cause 11 mottled 1 
teeth, he remarks that there is no evidence 
that fluonne even in the smallest amount is 
an essential constituent of bones or teeth 
(cf Vo! II, 27c) T von Fellenbcrg (Mitt 
Lebensm Hyg 1937, 28, 150) found 0 005% in 
milk teeth As a result of this fluorine disease, 
better known in the United States than in 
England, the enamel becomes brown and may 
be destroyed (A 1937, 364, three references, 
Momer Williams, Ic , Ellis and Maynard, 
Amer Chem Abstr 1937, 435) Phosphate 
fertilisers containing 3-4% F may cause con 
taxmnation of well water The use of ban am 
fluosiheate and of cryolite sprays is suspect, since 
fruit may retain 3-6 parts F per million (Ministry 
of Health, l e ) Gnebel et al (Z Unters 
Lebensm 1938, 75, 305) analysed apricot prc 
serves which had been the cause of several out 
breaks of fluonne poisoning 

Detection (Vol II, 576a, 582a)— The colon 
metnc methods may be employed lanthanum 
acetate detects 0 01 mg F in 10 c c (Mejer and 
Schulz, Z Angew Chem 1925, 38, 203) Zir 
comum alizannsulphonate is approximately as 
sensitive (de Boer, Chem Weekbbd, 1924, 21, 
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384) testa for nitrites and nitrates by a sensitive 
reaction with Safranine AN extra, B or T 
Lactic Acid is not prohibited in Public 
Health (Preservatives, etc , in Food) Regula 
tions possibly because of its formation by fer 
mentation of sugar in presence of common salt 
m the manufacture of sauerkraut and other 
pickles Serger and Clarck (Konserven Ind 
1931, 18, 375) state that lactic acid alone does 
not prevent the growth of moulds As regards 
taste 1 part of acetic acid is equivalent to 1 28 
parts of lactic acid Katz (Bakers’ Weekly, 
1934, 82, 37) added lactic acid to bread dough 
to arrest the development of spores of B 
mesentericus, the organism which causes “ ropi 
ness ” For lactic acid in the manufacture of 
cheese (see Vol II, 526c) According to Rost 
(Arb Rcichsgesundh Amt 1917, 50, 405) lactic 
acid is not more irritant than tartanc and citric 
acids and is a satisfactory addition to food It is 
a natural constituent of fruits, apple (max ) 9 1, 
blackberrv (max) 20 2 mg / 100 g (Hillig J 
Assoc Off Ague Chem 1937, 20, 303 , cf 
130) , Yoghurt contains 2% (Mazhar et al 
Chem Ztg 1932, 56, 46), bread about 0 3% 
wine 0 05-0 5%, beer 0 3-0 8% (Bicker, Deut 
med Woch, 1932, 58, 1562) Tor uses of lactic 
acid, see Serger and Clarck, K&Ite Ind 1920, 17, 
351 , 1921, 18, 375 Fabian and Wadsworth 
(Food Res 1939, 4, 499, 611, 621) state 
that m pickles the total acidity should be not 
less than 2% as AcOH, of which 20-40% may 
be lactic acid calculated as AcOH Lactic 
acid alone is far inferior to AcOH 
Defection — There are several tests depending 
on colour reactions for acetaldehyde which is 
formed when lactic acid is oxidised Herzog 
(Annalen, 1907, 351, 263) oxidises silver lactate 
with iodine and collects the acetaldehyde 
formed in a little water in a test tube, to this is 
added a few drops of sodium mtroprusside 
solution and piperidine, a blue coloration turn 
ing violet, red and finally yellow, on addition of 

1 drop of NaO H indicates acetaldehydo Form 
aldehyde and furfuraldehyde do not give the 
reaction, malic acid, however, yields acet 
aldehyde when oxidised 

Dewg&s (Bull Soc Chim 1909, [iv], 5, 647) 
heats 0 2 c c of test solution (less than 2% con 
centration) with 2 c c sulphuric acid for 2 
minutes in a water bath, and after cooling adds 

2 drops ot a 5% guaiacol solution in alcohol, 
lactic acid gives a magenta colour, 0 01 mg a 
pink coloration The guaiacol may ho replaced 
by other phenols of which p cresol, 1% solution, 
is the most sensitive (Capelli, Amer Chem Abstr 
1926, 3732) For a colour reaction with KCNS 
and HC1, not discharged by HgClj see Germuth, 
Ind Eng Chem 1927, 19, 852 Fletcher and 
Gowland Hopkins describe a colour reaction 
with H,SO,, CuSOj and thiophen (J Physiol 
1907,35,247, JCS 1907,92,11,373) 

J / lerochemieal — Behrens Klej , ** Orgamsche 
Mihrochemische Analyse ” (2nd ed , L Voss, 
Leipzig, 1022) recommends the formation of 
cobalt lactate and of cobalt lead lactate, rather 
than zinc lactate Klein and Wenzl (Mikro 
chem 1932, 11, 73) use the Zn, Cu and Th salts 
Gnebel and Weiss (Z Enters Lebensm 1928, 
56, 15S) oxidi«c lactic acid to acctaldehjde with 


KMn0 4 in a micro beaker (Gnebel, ibid 1924, 
47, 438) and add p mtrophenylhydrazme, and 
may be used (Brady and Elsmie, Analyst, 1926, 
51, 77) For 4 Estimation,” see Smith, Analyst, 
1938, 63, 777 

Benzoic Acid is recorded as a preservative in 
beer worts (E von Meyer and Kolbe, JCS 
1876, i, 959) about the time of its first large 
scale production from benzotnchloride (Lunge 
and Petn, Ber 1877,10, 1275) Certainly since 
this date and possibly earlier it has been a 
popular preservative Benzoic acid was studied 
by Miquel, and Helmer in 1891 comments 
on its extensive use for preserving foods Re 
stricted amounts of benzoic acid are permitted 
m certain beverages by the Preservatives in 
Foods Regulations (w tnfra) It has therefore 
been in continuous use for at least 64 years and 
no other synthetic organic preservative may be 
used in Great Britain at the present titae (For 
an account of its antiseptic action, see Dis 
infectants, Vol IV, 28) The pharmacology 
of benzoic acid has been thoroughly investigated 
Taken internally it is detoxicated by conjugation 
with glycine to form the harmless excretory 
product hippuric acid (for this defensive process, 
see BPC 1934, 16, C R Harmgton, JCS 
1940, 119) The extensive use of benzoic acid 
and sodium benzoate for preserving food m the 
USA led to Wiley’s researches (U S Dept 
Agric Bureau of Chem Bull No 84, Pt 4, 
1908) m which these substances were described 
as injurious Accordingly their use was pro 
habited by Food Inspection Decision, No 76 
of 13/7/07 However, the opposition of manti 
facturers was followed by the issue of F I D 
No 89 which restored their legality pending 
decision by a Referee Board The Board 
reported that in the quantities added to foods, 
sodium benzoate was harmless No attempt 
was mado to reconcile the two opinions, and 
F I D No 104 and 107 both of 1909 permitted 
additions of 6odium benzoate to foods (Folin, 
44 Preservatives and other Chemicals in Foods,” 
Harvard University Press, 1914) For a review 
of the literature, especially German references, 
see Tillmans Handbuch der Lcbensmittel 
chemie,” 1933, I, 997 J C Krantz (J Assoc 
Off Agree Chem 1936, 19, 205, Amer J 
Pharm 1936, 108, 252) reports benzoic acid in 
1 900 dilution as effective against moulds and 
bacteria, sodium benzoate even at 1% gave poor 
results in neutral media (Lucas, J Amer Bled 
Assoc 1910, 54, 769), even good brands may 
impart a slightly objectionable flavour at con 
centrations of 0 05-0 1% (Tressler, Joslyn and 
Marsh, 44 Fruit and Vegetable Juices,” New 
York, 1939, p 35) 

DtUehon and Estimation — (For qualitative 
testa, see Vol II, 6706) A new method for 
determining benzoic acid and a review of the 
literature were published by Monier Williams 
(Reports on Public Health and Medical Subjects, 
No 39, II M Stationery Office, 1927, Analyst, 
1927, 52 572) The author describes the steam 
distillation of the fruit etc , immersed in 
saturated NaCI solution acidified with H a PO,, 
the oxidation of impurities m the distillate with 
KMnO, and finally extraction with a solvent 
and subliming the extract as benzoic acid 
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which is weighed. Mix (J. Assoc. Off. Agrio. 
Chom. 1939, 22, 305) modifies the method and 
can recover added 0-05 g. BzONa in control 
experiments to ±0-0075 g. 

Monier-Williams states that Mohler’s is tho 
most sensitivo qualitative test (Grossfeld, Z. 
Nahr. Genussm. 1915, 30, 271). A colorimetrio 
modification has been devised by Illing, Analyst, 
1932, 57, 244; 1939, 64, 586), tho stages are — 
nitration of benzoic acid to dinitro and re- 
duction to diaminobonzoic acid, addition of 
ammonia and colorimotry of tho orange-red 
solution. Another, but Jess delicate test is 
Jonescu’s (J. Plinrm. Chim. 1909, [vi], 29, 523; 
Z. Nahr. Genussm. 1910, 19, 137). This depends 
on tho oxidation of benzoio acid to saheylio 
acid. Tho steam-distillate, from tho sample 
immersed in dilute H„S0 4 , is extracted with 
ether, and tho dry extract dissolved in 1 c.c. 
warm water; 1 drop of 0-3% H 2 0„ and 1 drop 
of FeCI 3 2-9%, are added and the solution 
then heated in a waterbath. In tho absence 
of phenolio bodies and of saccharin, tho pro- 
duction of a violet colour indicates benzoic aoid. 
Leather (Analyst, 1931, 56, 299) has described 
a rapid test based on Hint’s method (ibid. 1913, 
38, 555). In one food laboratory tho following 
method has been found convenient : tho bonzoic 
acid is separated from tho sample by steam dis- 
tillation in presence of CaCI 2 and HCI (Nicholls, 
ibid. 1933, 68, 4) and extracted from tho distil- 
late with ether, tho crude benzoio acid after 
purification with KMnOj is eventually oxidised 
by H ,0. to salic 3 ’lic acid which is determined 
colorimotrically with FeCI 3 (Nicholls, ibid. 
1928, 53, 19) as modified by Edwards, Nanji 
and Hassan (ibid. 1937, 62, 172). Gangl and 
Lorenz (Osterr. Chem.-Ztg. 1934, 37, 90, 99) 
precipitate proteins with Carrez reagents 
(KjFe(CN) 0 and ZnS0 4 ) at alkaline reaction, 
filter, acidify the filtrate, shake with dilute 
NaOH and add a solution of KOH in isopropyl 
alcohol to precipitate BzOK; esters of p- 
hydroxybonzoic acid remain in solution but the 
free acid yields an insoluble K salt. The 
separation is effected by heating to 100° with 5% 
KMnOj, BzOK is not altered but the hydroxy 
acid is decomposed. (For a simpler method 
of extraction, sec Applied Chemistry Reports, 
1925, 10, 536.) 

Benzoic Acid Group of Preservatives. — 
There are no less than eight now well-known 
preservatives and two sweetening agents which 
are soluble in ether and are separable from food- 
stuffs by the methods adopted for bonzoic acid. 
(The sweetening agents must be considered here 
owing to their effect on tho tests for preser- 
vatives.) The group includes the following 
acids : benzoic, salicylic, cinnamic, p-liydroxy- 
benzoic, p-clilorobenzoio, o-chlorobenzoic ; the 
esters: “ Nipagin If,” methyl p-hydroxyben- 
zoate ; “ Nipagin A ” the corresponding ethyl 
and “ Nipasol ” tho corresponding propyl ester ; 
the sweetening agents saccharin and dulcin 
(g.v.v.). The esters mentioned and their Na 
salts together with the benzyl ester, were 
patented and introduced by Sabalitsohka (Z. 
angew. Chem. 1929, 42, 936 ; Pharm.-Ztg. 1930, 
75, 454). Sodium p-clilorobenzoate known ns 
“ Mikrobin” was recommended for fruit juices 


(v.d. Hoide cl ah, Z. Enters. Lebensm. 1927, 53, 
487). For other esters, trade names and tests, see 
Jansen, Chem. Weekblnd. 1936, 33, 239. 

Tho tests of T. von Follenberg, ct al. (Mitt. 
Lebensm. Hj 7 g. 1932, 23, 111) distinguished 
between p-hydroxybonzoic acid and benzoic 
acid, and the esters of the former acid were 
separated from benzoic acid and salicjdic acid by 
R. Fischer and Staudor (Mikrochem. 1930, 8, 
330). Systematic separations of the 11 sub- 
stances of tho “ benzoic acid group ” have been 
described by R. Fischer (Z. Unters. Lebensm. 
1934, 67, 161). Tho method begins with the 
ether solution of tho preservatives (obtained b} 7 
known means from the food-stuff) which is 
shaken with dilute NaOH, only dulcin remains 
in the ether (I). The aqueous laj'er is acidified 
and extracted several times with fight petroleum 
(II) which leaves onlj 7 p-hydroxybenzoio acid 
and saccharin in the aqueous solution from which 
they are removed by extraction with ether (III). 
Each extract after drying with Na^SO, is 
evaporated drop by drop in a small dish (diam. 
14 mm. height 4—5 mm. ; cf. R. Fisher et al., 
ibid. 1931, 62, 658). Microsublimations are then 
carried out in a simple modification of the micro- 
melting-point apparatus (Kofler and Hilbck, 
Mikrochem. 1931, 9, 38 ; Fischer, 1933, 13, 123) 
and observations made of the sublimation 
temperatures (S.T.), m.p., extinction with a 
polarising microscope and chemical reactions. 


Extract II. 



S.T.cn. 

°C. 

M.p. 

°C. 

Extinc- 

tion. 

1 . Benzoic acid 

55 

121 

II 

2. Nipagin ill ” . 

3. Ethyl p-hydroxy- 

70 

allO ; 
|S126 

» 

benzoato 

70 

116 

II 

4. “Nipasol” . 

5. o - Chlorobenzoic 

70 

97 

II 

acid . 

75 

142 

II 

6. Salicylic acid . 

SO 

157 

— 

7. Cinnamic acid . 

S. p - Chlorobenzoic 

90 

133 

II 

acid . 

95 

236 

II 

1 Polymorphic, Amor. Chem. Ahstr. 1939, G274. 

Extract III. 



S.T. ca. 

M.p. 

Extinc- 


°C. 

°c 

tion. 

9. p - Hydroxyben- 

135 

213-214 


zoic acid 

— 

10. Saccharin . 

150 

221 

II 


Extract I. 



S.T.ca. 

M.p. 

Extinc- 


C C. 

°C. 

( tion. 

11. Dulcin . . . 

130 

173 

— 
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If vanillin is present it would interfere and is 
removed by shaking the original ether solution 
With semicarbazide hjdrochlonde and sodium 
acetate The alcohol radicles of the esters are 
identified by saponification, oxidation of the 
alcohol obtained to the aldehyde followed by 
the application of aldehyde reagents, dimedon, 
m mtrophenylhydrazine and thiosenucarbazide. 

Valencien and Deshusses (Mitt Lebensm Hyg 
1939, 30, 88) estimate the esters bromometncally 
Momer Williams (Report, 1927, 30, 31) points 
out that to some extent saccharin may be 
changed during the analysis into ammonium sul 
phobenzoate, by the action of hot acids The 
alternative extraction of the food stuff with 
NaHC0 3 avoids this difficulty Sabahtschha 
(Mikrochim Acta, 1937, 2, 111) describes an 
alkaline extraction of preservatives from fatty 
food stuffs The method of Diemair el al 
(Mikrochem 193S, 25, 247) applies to meat and 
fish Edwards, Nanji and Hassan (I e ) rely on 
reactions for identifying p hydroxy benzoic acid 
and its derivatives, as do Stevenson and Resug 
gan (Analyst, 1938, 63, 152) and P von Auf 
schnaiter (Amer Chem Abstr 1939, 1439) 

The esters are permitted preservatives in 
Norway, Hungary, Jugo Slavia, Roumama and 
Germany (SabahtschLa, B 1037, 977) , according 
to the same author (Z Enters Lebensm 1939, 
77, 256) they have anti oxidant properties The 
effective antiseptic concentrations of the esters 
m Turtiamen’s experiments (Zentr Bakt I, 
1937, 139, 9S) were benzyl ester (“ Solbrol Z ”), 

0 002-0 OOS%, propyl ester, 0 05%, methyl 
ester, 0 25% 

Alcohol (n Alcohol, Alcoholometer) —If 
methyl alcohol is detected m ethyl alcohol used 
for preserving, the addition of methj lated spirit 
may be the explanation (for the u3ual tests, 
some tedious, i \oI I, 184n, 191c) A rapid 
preliminary test is described by Eegriwe 
(Mikrochim Acta, 1937, 2, 329) , to 1 drop of 
40 vol per cent alcohol add successively 1 
drop of 7% phosphoric acid, 1 drop of 5% 
KMnO t and after 1 minute particles of sodium 
bisulphite until the solution is colourless, 4 c c 
H.SO, (15 10 vol HjO) are now admixed 
followed by a few particles of chromotropic aad, 
the solution is heated to 60° for 10 minutes, 
allowed to cool and observed after 6 minutes 
A violet pink, colour indicates formaldehyde and 
henco methj 1 alcohol, limit 3 5pg in a dilution 

1 13 COO Ordinary alcohols and acetaldehjde 
do not interfere, glycerin gives a yellow colour 
with a green fluorescence, sugars give a yellow 
colour, the test would be earned out with a 
distillate It should be mentioned that T von 
Fellenberg found methyl alcohol in Swiss 
liqueurs distilled from fermented fruits (Biochem 
Z 1918, 85, 45) and Flanzy a method (Compt 
rend 1034, 19S 94) detects 01% MeOH in 
fermented liquors 

Sugar — The preservative effect of BUgar, as 
of salt and saltpetre, is due to the osmotic 
pressure of concentrated solutions This pro 
perty of sugar solutions is well shown in the case 
of jams, which, when boiled to a concentration of 
about 70-72% (depending? on the percentage 
of insoluble matter present), are not susceptible 
to mould growth, provided the jams are m con 


tact with an atmosphere of relative humidity 
not higher than 82% Any deposit of moisture 
on the surface produces locally a less concen 
trated sugar solution which allows moulds to 
grow 

Salt, sodium chloride, the osmotic effect of 
a salt solution is much greater than that of a 
sucrose solution of equal concentration owing 
to its lower molecular weight, 58 4 342 3, and 
dissociation into ions When immersed in a salt 
solution the cell wall of the bacillus behaves as a 
semipermeable membrane and the cell is de 
pnved of water when the outer liquid has a 
higher osmotic pressure than the ceU contents, 
thus the inhibitorj effect is due to partial de 
hydration of the proteins m the bacterial cell 
(Medical Research Council, “ System of Bacteno 
logy,” III, p 83) By this process the growth 
of most bacilli and spores is inhibited, the halo 
philes have, however, exceptional resistance (For 
examples in practice, see Macara, l c 662, 677 , 
for history of salt, see C G Gum pel, “ Common 
Salt,” London, 189S, J J Manley, “ Salt and 
other Condiments,” London, 18S4) Although 
salt is a preservative it may itself be con 
tammated with bactena (Milne, Pharm J 
1938, 140, 81) 

Glycerin is a permitted preservative in the 
Public Health (Preservatives, etc, in Food) 
Regulations Pharma ceutieal extracts of glands 
and vaccines, e g calf lymph, contain consider 
able amounts Diluted it is a component of 
culture media for tubercle and other bacteria 
It may be sterilized by heating for 1 hour to 160° 
Its efficiency as a germicide has been questioned 
by Ruediger (J Amer Med Assoc 1915, 64, 
1529) and by Goodrich (Pharm J 1917, 98, 453, 
Bnt Med J 1917, i, 647) h me and Olsen (Ind 
Eng Chem 1923, 20, 652) stato that baked 
cereal products containing 0 5% glj ccrin can be 
stored in a warm climate without developing a 
“ tallowy ’ taint 

Detection — Frehden and Chen Hua Huang 
detect glycerine by concentrating the solution 
at 100° in a micro crucible, crystallised oxalic 
acid is then added and the crucible heated to 
105° The contents are then mixed with 
saturated alcoholic hydroxylamme hjdro 
chloride, rendered alkaline with alcoholic KO H 
and heated to start the reaction, acidified with 
alcoholic HCI and a drop of FeCI, added, a 
violet colour indicates the hjdroxamic acid 
derived from monoformm if glycerin was present 
in the solution, limit 40/ig (Mihrochcm 1934, 
15,12) Tfiufel and Thaler (Z anal Chem 1933, 
95, 235) have improved the acraldehvde test 
the dried aqueous extract, evaporated with ex 
cess of a paste of lime, is treated with excess of 
absolutealcohol and ether and the dry extract from 
this solvent is distilled with crjstaUised phos 
phone acid The distillate is oxidised with 3% 
hydrogen peroxide and cone hydrochlonc acid, 
and the excess of oxidising agent removed by 
successive treatment with potassium iodide 
followed bj sodium thiosulphate The epi 
hjdnnaldehydc formed from any acraldehjdc 
present is then detected by the ml colour 
obtained by addition of phloroglucmol in ether 

Determ in at i on — Alfend (J Assoc Qff Agnc 
Chem 1932, 15, 331 , Amer Chem Abstr 
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1932, 26, 5352) reports collaborative work on 
the determination of glycerin in egg products. 
The method previously found successful for 
meat products was unsatisfactory, especially in 
presence of added sucrose, the latter difficulty 
was not entirely overcome in a considerably 
simplified method based partly on the A.O.A.C. 
method for glycerol in vinegar. At one time 
milk was liable to contain glycerin added as a 
preservative, 2% was sufficient according to 
Wanklyn and Eassie’s patent. 

Boric Acid. — Boracic acid, H 3 BO s ; boras, 
Na 2 B 4 O„10H 2 O (v. Bobos, Vol. n, 47 and 
49 ; Disisfectasts, Vol. IV, 20). Borax, now 
forbidden, was one of the earliest preservatives 
to be studied. J. Pringle, P.R.S. (Phil. Trans. 
1749-50, 46, 525) made comparative experi- 
ments on the effect of different salts in retarding 
the putrefaction of small pieces of beef im- 
mersed in the solution “ and kept at about the 
degree of human heat.” A 6-2% solution of 
common salt was the standard ; borax was 12 
times more efficient, 5 grains of borax having 
the same effect as 60 grains of salt. According 
to Sieber (J. pr. Chem. 1879, [ii], 19, 433), a 
2% solution of boric acid (300 c.c.) retarded the 
putrefaction of 50 g. minced ox pancreas for 
3 days. Miquel’s experiments (Moniteur Sci. 
1872, [iii], 14, 170) with 1 litre quantities of 
neutralised beef broth to which preservatives 
were added, showed the following additions in 
grams, to be equivalent : hydrogen peroxide, 
0-50; salicylic acid, 1-00; benzoic acid, 1-10; 
boric acid, 7-50 ; phenol 3, mineral acids 2-3 g. 
Later determinations were more exact, but these 
and similar publications may explain the wide 
use of preservatives from the 1870’s onwards. 

Boric acid preservative was reported in milk 
and beer by Hirschberg (J.C.S. 1873, 26, 100; 
1876, i, 413). Its use spread to preserving 
cream, meat, sausages, fish, etc., and continued 
to be the subject of numerous papers, analytical 
or pharmacological until the present time ; 
although the practice has been illegal in this 
country since 1927-28. The Report of the 
Departmental Committee on the *Use of Pre- 
servatives and Colouring Matters in Food, 1901, 
Appendix VI, records analyses made by different 
observers. The maximum percentages of boric 
acid determined in different food-stuff's were : 
milk, 0-91 ; condensed milk, 0-50 ; cream, 0-80 ; 
butter, 1-6 ; margarine 1-0 ; sausages, 1-14 ; ham, 
0-66. Of a total of 4,251 samples comprising 
26 classes of foods, examined in the Government 
Laboratory, 1,247 were preserved with boric 
acid (p. xi). Much of the medical evidence 
before the Departmental Committee of 1901 
lid not condemn the use of boric acid pre- 
servative (Tunnicliffe et al., ibid. 264, Appendix 
VT), although other authorities had already 
considered its presence in food to be objec- 
tionable (Lancet, 1879, i, 70; 1886, ii, 1142; 
1887, ii, 333, 342, 392). Numerous investi- 
gations showed a cumulative effect of boric 
acid, 50% of a single dose being excreted in 
12 hours but the remainder not entirely in 
18 days (Neumann, Arb. Reichsgesundh.-Amt. 
1903, 19, 89). Other workers (e.g. Rost, ibid. 
19, 1) reported irritant effects of boric acid^on 
the digestive tract, confirmed by Wiley (U.S. 


303 

Dept. Agric. Bureau of Chemistry, Bull. No. 84, 
Pt. 1. Boric Acid and Borax, 1904). 

Boric acid, detection and estimation has been 
discussed in Vol. 13, pp. 52, 53, and some 
further references for boric acid in food-stuffs 
may now be added. A new microchemical 
test is yohimbine borate (Martini, Mikrochem. 
1939, 26, 221). A. S. Dodd (Analyst, 1927, 52, 
463; 1929, 54, 19, 282, 645, 715; 1930, 55, 
23), who has made a critical study of Thomson’s 
titration method, indicates precautions neces- 
sary in ashing the sample, removing phosphates 
and in avoiding losses of H 3 B0 3 when boiling to 
remove C0 2 . Further work has been carried 
out by Bums Brown (ibid. 1936, 61, 671) and 
by Alcock (ibid. 1937, 62, 522). The appli- 
cation of the method to butter, cider, dried 
fruit, eggs, milk and meat paste is to be found 
in H. E. Cox, “ Chemical Analysis of Foods,” 
2nd ed., Churchill, London, 1938. Experience 
particularly valuable for the legal aspect is 
recorded in J. F. Liverseege’s “ Adulteration 
and Analysis of Foods and- Drugs,” Churchill, 
London, 1938, and in the 7th edition (revised 
by H. E. Cox) of A. and M. Wynter Blyths’ 
“ Foods,” C. Griffin, London, 1927. For early 
references on the antiseptic properties of boric 
acid and of borax, see Gmelin-Kraut, “ Hand- 
buch der anorganischen Chemie,” article Boron. 

Salicylic Acid (v. Vol. IF, 28d) was 
formerly often added as a preservative to beer, 
jam, wine, mincemeat, etc. ; its use is forbidden 
in this country since 1927. In a concentration 
of 0-l~0-2% it suppresses yeast fermentation 
(Wehmer, Zentr. Bakt. II, 1902, 9, 189) and pre- 
serves meat ; mincemeat, however, only for 1 or 
2 days (Kickton, Z. Nahr. Genussm. 1907, 13, 
534). When taken internally it becomes con- 
jugated with glycocoll and is excreted as salicy- 
luric acid in the urine (Piccard and Beck, Ber. 
1876, 8, 817). It is more irritating than benzoic 
acid in the digestive tract and the majority of 
medical authorities would disqualify salicylic 
acid as a preservative, although Christian (B[yg. 
Rundsch. 1908, 1321) observed no serious effects 
except with large doses ( cf . Wiley U.S. Dept. 
Agric., Bureau of Chemistry, Bull. No. 84, Pt. 2, 
1906). 

The large scale manufacture of synthetic 
salicylic acid began in 1874; Kolbe soon after 
discovered its antiseptic properties (J.C.S. 1875, 
28, 460). Muter detected the addition of the 
acid to milk (Lancet, 1877, i, 105). The same 
Journal approved its addition to beer (ibid. 
1886, ii, 1142). Miquel (be.) found its antiseptic 
effect slightly greater than that of benzoic acid. 
By lSOl^O. Hehner considered that sulphurous 
acid and benzoic acid were replacing salicylic 
acid (Lancet, 1891, i, 96). In Holland its 
addition to food was already forbidden in 1888. 
In 1901, out of a total of 4,251 samples examined 
in the Government Laboratory, 320 were pre- 
served with salicylic acid. (Departmental Com- 
mittee on Preservatives Report, 1901, xi.) 
The maximum percentage in jam was 0-12 and in 
British wines 0-21 (ibid. Appendix VIII, Table L). 

Detection and Determination . — ^Qualitative re- 
actions are recorded in Vol. II, 5705. Several 
colorimetric methods are based on the reaction 
with ferric chloride. Nicholls (Analyst, 192S, 
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Weihe, Ind Eng Chem [Anal ], 1938, 10, 271, 
who estimate the C0 2 evolved on oxidation 
with Hg(OAc) 2 T von Fellenberg estimates 
H COOH in the ether residue (Mitt Lebensm 
Hyg. 1936, 27, 182), Kobzarenko (Amer Chem 
Abstr 1940, 1752) publishes a bromometrie 
method 

Anti-oxidants, eg quinol (JSCI 1928,47, 
819), have been found to delay the rancidity of 
fats (jo Wagner el al Ind Eng Chem 1931, 
23, 40) and the addition of quinol was successful 
with salted herrings Preiss (Z Unters 
Lebensm 1934, 67, 144) found that steam dis 
tillation of a sample previously acidified and 
mixed with feme chloride solution enabled 
quinol to be estimated by lodomefcric titration 
of the quinone in the distillate In a review of 
the subject C H Lea (D S I R Food Invest 
Spec Rept No 46, 1938, 174) discusses 
naturally present anti oxidants and also hjdro 
quinone and other reagents which are not per 
missible as additions to food stuffs (see also 
Momer Williams, “ Food and the Consumer," 
op ett) 

Diacetyl and acetylmethylcarbinol occur 
in butter and their presence partly accounts for 
its flavour When, however, these substances 
are additions, their estimation is important (a 
Bamicoat, Analyst, 1935, 60, 653 , Schmalfuss 
and Werner, Z TJnters Lebensm 1938, 76, 
113, Wilson, J Assoc Off Agnc Chem 1938, 
21, 427) Hammer found 0 0002-0 0004% of 
diacetyl in high class butter and about 10 times 
these amounts of the parent substance acetyl 
methylcarbmol (Winton and Winton, ‘ Struc 
turo and Composition of Foods," 1937, III, 
p 165) At a concentration of 0 1 g per L 
diacetyl inhibits the growth of micro organisms 
(Lemoigne and Monguillon, Ann Falsif 1935, 
28, 278) The amount of diacetyl may vary 
from a trace to 0 4 mg per kilo in butter samples 
from the same source (Amer Chem Abstr *1939, 
2234) , 

Natural Occurrence of Preservatives 
in Large Traces 

The Ministry of Health (Circular 806 of 
29/6/1927) notified local authorities that traces 
of some of the prohibited preservatives and 
colouring matters are normal constituents in 
traces m Borne foods, e g boric and benzoic acids, 
also copper m peas, such traces are less than the 
quantities for effective preservation or colouring 
(Ministry of Health, Ann Rept Chief Med 
Officer, 1926, p 200) 

A C Chapman (Analyst, 1927, 52, 216) 
obtained substances giving the reactions of 
formaldehyde and of benzoic acid from heated 
sugar Dill and Clark’s (J Assoc Off Agnc 
Chem 1926, 9 117) tests indicated 0 01% 
formaldehyde in some canned Crustacea Tests 
on salt hng indicated formaldehyde, 4 SO p p m , 
by Schryver’s method although none had been 
added m curing the fish (Reay, Analyst, 1936, 
61. 78) 

Mattiek (Analyst, 1930, 55, 37) examined 
numerous samples of stenbsed milk which gave 
positive tests for p oresol, believed to be doe to 
* — Hanstna and Kmphorst (Chem 


Weekblad, 1932, 29, 140, 205) tested extracts 
of rye bread which gavg a positive reaction for 
sahcylic acid The coloration is attnbuted to 

3 hydroxy y pyrene derivatives, formed during 
baking 

Foreign Substances in Foods are discussed by 
Hughes (Chem and Ind 1935, 54, 746) , those 
which have been detected at different times 
include benzoyl peroxide (i Vol II, 81c), 
persulphates, lodates, bremates and sodium 
phosphate, the first four substances are not 
among the permitted preservatives For their 
bleaching action and for the motive for adding 
sodium phosphate the original paper should be 
consulted Drummond (Chem and Ind 1935, 
54, 744) discriminates permissible from un 
justifiable additions to food 

For a long period chemical preservatives were 
added to food stuffs with little risk of detection 
or prosecution With his daily meals an Eng 
hsbman frequently swallowed more than one 
preservative The commonest uere boric acid 
and borax jn milk, sausages and meat , sahcylic 
acid or sulphites in beer, meat and jam, form 
aldehyde m milk and cream I benzoic and 
salicylic acids in sauces and beverages Dis 
regarding the traditional salt, sugar, etc, the 
general use of chemical preservatives which 
began about 1875 followed closely the first large 
scale manufacture of formaldehyde, benzoic and 
salicylic acids Bone acid was available from 
Tuscany since 1807, and its preservative effects 
were known even earlier (p 303a) 

Popular imagination had been impressed by 
Pasteur’s discovery (1803) that bactena were 
the cause of putrefaction and by Lister’s success 
ful use of antiseptics in surgery (1867) In 
addition to a general if imperfect knowledge of 

4 germs ” there was a widespread belief that 
food which had an unpleasant smell could 
originate an epidemic At the same time cheap 
chemicals were available which, in Binall 
amounts, could be mixed with food without the 
knowledge of the consumer, with the result 
that signs of decomposition of the food were 
not apparent for several days These were the 
reasons that convinced the manufacturers or 
distributors of foods that the addition of pre 
servatives was in the public interest as it cer 
tainly was to their own profit ( cf Drummond and 
Wilbraham, “ The Englishman’s Food," London, 
1939, p 3S6, Savage, “ Food and the Public 
Health,” London, 1919, p 122) The gross care 
lessness m the collection, preparation, transport, 
distribution and handling of food stuffs under 
dirty conditions which persisted up to quite 
recent times (Local Government Board Report 
of Inspectors of Foods, 1918-19, pp 8, 9, “ very 
large number of smaller factories con 
ditions unsatisfactory in the extreme ") was the 
cause of heavy bacterial infection of the food 
The use of preservativea postponed investigation 
of the antecedent conditions and probably saved 
quantities of food from being thrown awaj The 
effect of preservatives on bodily health was 
studied later In the ’60s of the past century, 
sulphurous acid or a sulphite was the chief 
chemical preservatives as shown by the work 
of the Food Committee of the Society of Arts, 
eg m Dewar’s process (J. Soc Arts, 1867-68, 
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16 , 489), meat after immersion in B.P. sulphurous 
acid for 6 hours was dried below 140°F. Med- 
lock {ibid. p. 52) injected carcases with calcium 
bisulphite. Reference works such as Watts, 
“ Dictionary of Chemistry,” London, 1863, I 
and II, 1864, and A. H. Hassall, “ Adulterations 
Detected,” Longmans, London, 1857, contain 
little or no information concerning the chemical 
preservatives generally used in the following 
decades. The great work of A. H. Hassall and 
“ The Lancet ” in combating adulteration of 
food prepared the way for the attack on pre- 
servatives. Credit for the opposition to pre- 
servatives must be given to later analysts, Muter, 
Hehner, Cribb, Liverseege and others. The rate 
of progress while knowledge of preservatives was 
slowly increasing is shown by the following 
summary of the action taken by various autho- 
rities and by the Government : Analytical 
Sanitary Commission of The Lancet, 1851-54, 
A. H. Hassall, “ Food and its Adulteration,” 
Reports of the Commission, 1855 ; Parlia- 
mentary Committee on Adulteration of Food, 
1855. Sale of Food and Drugs Act, 1875. 
Section 3 of this Act provides that “ no person 
shall mix . . . any article of food with any 
ingredient ... so as to render the article in- 
jurious to health, with intent that the same 
may be sold in that state.” Section 6 states 
“ that no person shall sell to the prejudice of 
the purchaser any article o'f food or any drug 
which is not of the nature, substance and 
quality of the article demanded.” There is 
no mention of preservatives in the Act and in 
the following Amending Acts ; the public health 
is protected by penalising adulteration, but un- 
less food mixed with preservatives can be 
proved to contravene Sections 3 or 6 the sale of 
such food is not forbidden. Public analysts 
appointed under the Acts of 1860 and 1869 con- 
tinued the thankless task of detecting and 
estimating preservatives (in connection with 
their work in suppressing adulteration) with very 
inadequate support from the magistrates ad- 
ministering the Act until limited progress was 
shown by the Milk and Cream Regulation 1912 
which prohibited the addition of any preser- 
vative to milk. Meanwhile two committees had 
undertaken protracted inquiries, a conference 
had been held, and the Local Government Board 
published reports by its own officials on pre- 
servatives. The Reports of the Select Com- 
mittee on Food Products Adulteration, 1894, 
1895 and 1896, indicate the difficulty of Govern- 
ment action, owing to the diversity of opinion 
among medical men as to the effect of preser- 
vatives on the public health (1896, Lloyd, 
Q.279) Hehner said preservatives were un- 
necessary {ibid. Q.881). In the opinion of the 
Committee {ibid, vi) the evidence showed that 
antiseptics are added to almost all perishable 
food-stuffs and it would be difficult to prove that 
preservatives were injurious to health. The 
unequal incidence of the law was the subject of 
complaint at the Institute of Chemistry Con- 
ference on Adulteration (Intern. Health Exhib. 
1884). Odling stated that although beer con- 
tained calcium bisulphite and no action was 
taken, dealers were prosecuted for selling milk 
containing boracic acid. Dupre said the souring 
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of milk was a warning that the dairy was not 
clean and addition of preservative removed a 
safeguard. 

A growing body of opinion that the food, laws 
or their administration was gravely lacking as 
regards preservatives led in 1899 to the appoint- 
ment of the first committee to hear evidence on 
preservatives as distinct from adulterants. The 
Report of the Departmental Committee (1901) 
appointed to inquire into the use of preser- 
vatives and colouring matters in food shows that 
the preservatives in general use were sulphites, 
boric acid, formalin and salicylic acid. There 
was much contradictory medical evidence as to 
the harmful effects of the three last mentioned 
(pp. xxiiii, xxiv). Witnesses testified to the value 
of chemical preservatives in protecting con- 
sumers from the evils of tainted or decomposing 
food, hut the weight of scientific evidence was 
against the additions of chemicals to foods. 
The Committee held, however (p. xx), that some 
preserving means, not necessarily chemical, 
appears to be needed for a considerable portion 
of the perishable food supply, especially of the 
poorer classes. The issue, however, of refrigera- 
tion versus preservatives is not raised in this 
Report. It appeared that, although some public 
authorities prosecuted vendors of milk con- 
taining boric preservative, the policy of the 
authorities and the proportions of preservative 
considered permissible varied from place to place 
(p. xvi). The medical evidence on the effect of 
preservatives on health was contradictory, some 
witnesses could observe no disturbance of func- 
tions after protracted tests of formaldehyde 
(Q.3229, 3295), boric acid (p. xxiii) and salicylic 
acid (p. xxiv). Nevertheless the Committee put 
forward the following recommendations (p. xxx) 
— formaldehyde should be absolutely prohibited ; 
salicylic acid permitted, provided the amount 
does not exceed 1 grain per lb. of food (per pint 
in a liquid); in. cream, butter and margarine 
only boric acid and borax preservatives to be 
allowed, and in cream not exceeding 0-25% as 
H3BO3, in butter and margarine not more than 
0-5% ; the use of copper salts in “ greening ” 
of vegetables to be prohibited (one dissentient) ; 
the presence of preservatives to be declared on 
the label. 

In the following decade 1901-11, these recom- 
mendations remained without legal force in 
Great Britain. Considerable research work, 
however, was carried out in the United States 
and in Germany. H. W. Wiley in the course of 
a long struggle against the, use of preserva- 
tives published Bulletin 84 of the Bureau of 
Chemistry, U.S. Department of Agriculture, 
Parts 1-5, 1904-08, in which he attacked the 
common preservatives {v. Bibliography and in- 
dividual preservatives). A bitter controversy 
followed in which Wiley’s experiments were 
attacked by, among others, Liebrich (“ Third 
Treatise on the Effects of Borax,” Churchill, 
London, 1906). Doubt was cast on the findings 
of the 1901 Committee by the subsequent proof 
that the proportion of salicylic acid recom- 
mended was inadequate to prevent fermentation, 
while the maximum amount of boric acid per- 
mitted was twice the quantity usually found 
in food- 
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The Goremment action against preservatives 
recommenced in 1912 with Public Health (Milk 
and Cream) Regulations which prohibits the 
addition of any preservative substance to milk 
but permits only bone acid and hydrogen 
peroxide m cream containing more than 35% 
milk fat. An Amendment Order in 1917 limited 
HjBOj to not more than 0 4%, no numerical 
limit is given for HjO s but only traces were 
expected to remain m the cream Apart from 
legislation, the officials of the Foods Section in 
the Jledical Department of the Local Govern 
ment Board (afterwards the Ministry of Health) 
issued a Eenes of valuable reports which had an 
effect m checking the use of preservatives 
For many years public analysts (c Biblio- 
graphy) continued to protest against the 
additions of chemicals to food and the un 
certainty of the legal position. W G Savage 
(“ Food and the Public Health,” Cassell & Co , 
London, 1919, p 38) said it was quite useless to 
prohibit certain specified preservatives as fre*h 
ones would be supplied The analyst must 
decide whether the presence of the preservative 
amounts to adulteration ( * The Tunes ” Food 
Number, 8 June, 1914) The appointment of 
the Departmental Co mmi ttee on the Use of 
Preservatives and Colouring Matters m Food was 
a belated acknowledgment of public opinion 
Their final Report, 1924, reviews the law of 
adulteration and remarks that “ the proof that 
a preservative or colouring matter mixed with an 
article renders it injurious to health is not an 
easy, inexpensive or expeditious matter, and 
when established in one instance or in one court 
is not necessarily effective m other instances 
or in other courts neither traders nor 
local authorities nor the public can definitely 
know what is permissible and what is not ” 

The Committee heard medical evidence on 
the effect of preservatives on health which, 
although unpublished, appears to have been 
contradictory m some respects However, the 
wide range of biochemical knowledge available 
enabled the Report of 1924 to suggest regulations 
which have been, for the most part, adopted. 
The Public Health (Preservatives, etc ,in Food) 
Regulations 1927 to 1939 relate to limited addi 
tions and only to certain foods of benzoic acid, 
sulphurous acid and nitrites (see beloic) Part II 
prohibits certain dyestuffs The Regulations 
should be consulted for directions as to declare 
tion of preservatives The Committee’s pro- 
posal did not receive legal sanction without 
opposition It was said that, m the absence 
of preservatives, there would be great waste of 
food for which cold storage was not available 
On the other side it was urged that dirty 
methods of collecting and preparing food were 
concealed by the use of preservatives 

THE FIRST SCHEDULE 
Past I — Articles or Food which mat coy 
tais Preservative avd Nattbe avd Pro 
eobttoy or Preserv atiye in each case 

The articles of food specified in the first column 
of the following table may contain the prefer 
Tatire specified m the second column in pro- 


i portions not exceeding the number of pans 
(estimated by weight) per million specified in 
the third column — 


Food. 

Preservative 

Farts 

per 

Million. 

1 Sausages and sausage meat 
containing raw meat, 
cereals and condiments. 

•2 Fruit and fruit pulp (not 
dried) for conversion 
into jam or crystallised 
glacd or cured fruit as 

Sulphur dl 

4a0 


Do 

3 000 

(6) Strawberries and 

raspberries 

Do 

2,000 

(c) Other fruit 

3 Dried fruit 

Do 

1 500 

(a) \pnrots, peaches 
nectarines, apples and 
pears 

Do 

2,000 


Do 


4 Onfermeated grape juice 1 
and non alcoholic wine : 
made from such grape 
juice if labelled in ac- 
cordance with the rules 
contained Id the Second 
Schedule to these Regu 
la tioas 

Benzoic arid 

2,000 

5 Other non-alcoholic wines 

Either SnJ , 

3o0 

sweetened or un 

or Benzoic 


•6 Jam (Including marmalade 
and fruit Jelly prepared 
in the way in which jam 

Sulphur di 
oxide 


7 Crystallised glacd or cured 
fruit (including candied 
peel) 

•7a Fruit and fruit pulp not 
otherwise specified in 

Do 


Do 

SoO 

t8 Sugar (Including solid 
glucose) and cane syrups 

Do 

70 

18a. Cornflour (maize starch) and 



9 Corn syrup (liquid glucose) 

Do 





11 Beer 


70 

12 Cider 


200 



450 

14 Sweetened mineral waters 

Either Sul 
phnr di 
oxide or 
Benzoic 
arid 

j0 

120 




16 Coffee extract 


450 

17 Pickles and sauces made 
from fruit or vegetables 

Do 

250 


• Amended forms of items 2, 6 and 7 substituted, 
and new Item 7a added, by Regulations of 1926 
f Amended form of item 8 substituted. And new 
Stem 8a added, by Regulations of 1927 

Part H — Colo crts o Matters which may 

■NOT BE ADDED TO ARTICLES OT FOOD 
1 Metallic Colouring Matters 
Compounds of any of the following metals • 
Antimony, Copper, 

Arsenic, Mercury, 

Cadmium, Lead, 

Chromium, Zinc 


2 Yegttallt Colouring Matter 
Gamboge 
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3. Coal Tar Colours. 


Humber in 
Colour Index 
of Society of 
Dyers and 
Colourists, 1924. 

Xame. 

Synonyms. 

t 

Picric Adi 

Carbazotie Adi 


Victoria Yellow. 

Saffron Substi- 
tute ; Dinitro- 
cresoi. 

9 

Handiest er 
Yellow. 

Hapbthol Yel- 

low ; Martins 
Yellow. 

12 

Aurantia. 

Imperial Yellow. 

724 

Aurine. 

Kosolic Add ; 

Yellow Coral- 
line. 


PROVISIONAL REGULATIONS DATED OCTOBER 20, 
1939, 

Nitriles. 

2. The Public Health. (Preservatives, etc., in. 
Food) Regulations, 1925, as amended shall be 
further amended as follows : 

(1) The following additional proviso shall be 

inserted at the end of Article 4 (1) and 
at the end of Article 11 (1) : 

“ (iv) The provisions of this Article 
shall not apply so as to prohibit the 
presence of added sodium or potas- 
sium nitrite in bacon, ham and coofced 
pickled meat.” 

(2) The following paragraph shall be inserted 

after Article 4 (3) : 

“ (4) Eo person shall manufacture 
for sale or sell any cooked pickled 
meat, other than bacon and ham, 
which contains sodium or potassium 
nitrite in proportions exceeding two 
hundred parts per million calculated 
as sodium nitrite.” 

In prolonged correspondence in “ The Times ” 
in 1925, Sir William Pope led the opposition 
(22 January, 1925), he and F. W. TunniclifFe 
(ibid. 23 January, 1925) and others considered 
boric acid a valuable and relatively harmless 
preservative. F. Gowland Hopkins, on the 
contrary, regarded boric acid as a cumulative 
poison. Patemo (Union intern. Chimie pure et 
appL, 4th Congress, Cambridge, 1923, p. 154) 
reported on the good health enjoyed by the 
workers in LadareDo where the air contained 
S mg. H 3 B0 3 /cu. metre outside the factory, 
the water supply 10 mg.fL, potatoes 700 and 
bread 20 mg./kilo. However, the Committee 
accepted the experiments of Forster, Rnbner 
and Rost as proving the harmful effects of boric 
acid. 

Detection of Colouring Matters. — EichoIIs 
(Analyst, 1927, 52, 585) describes methods for 
detecting the colouring matters prohibited by 
the Regulations, 1925 to 1927, Part H. For all 
classes of dyestuffs, see Dmsc (VoL IV, 147) 
and following tables which apply after extrac- 
tion of the dye from the food and transference 
to an appropriate fibre. Mathewson, “ Separa- 
tion and Identification of Food Colouring Sub- 
stances,” E.S. Dept. Agric. Bulk Eo. 448, 1917, 
mav also be consulted. The strongly antiseptic 


action, even in low concentrations, of some 
dyestuffs is described in Medical Research 
Council, “System of Bacteriologv,” I, 203 
(1929). 

Foreign Regulation of Preservatives. — 
In the United States, sodium benzoate or sul- 
phurous acid are permitted in limited amounts 
(c/. the Federal Food Drug and Cosmetic 
Act which became effective in June, 1939) ; all 
imported foods as well as interstate commerce 
in foods are governed by this Act. Individual 
State laws, of which there are several, control 
only the production and sale of foods within the 
particular State (Fiene aud Blumenthal, “ Food 
Manufacture,” Chemical Publishing Co., Eew 
York, 193S ; for preservatives permitted in 
Germany, see Will, Deut. Apoth.-Ztg. 1939, 54, 
545 ; Gangl and Lorenz, Oesterr. Chem.-Ztg. 
1934, 37, 91). Hilton (r. Bibliography) published 
in 1934 a summary of the regulations of all the 
more important countries. The Report of the 
Departmental Committee, 1924, reviews the 
foreign regulations in force at that date. 
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FOOL’S PARSLEY (t> Vol I, 100d) 

“ FORGENIN ” A name applied to tetra 
methyl ammonium formate < 

FORMALDEHYDE, CH 2 0 This sub 
stance, the simplest and least characteristic of 
the aliphatic aldehydes, is of the greatest 
technical importance in modern chemical in 
dustry Although discovered in 1867 by Hof 
mann, it was not until 1892 that Kekul6 isolated 
the monomer in a state of comparative purity 


Manufacture from Methanol 

Practically all the formaldehyde produced 
to day is obtained by the catalytic vapour phase 
oxidation by air of methanol, either synthetic or | 
the wood distillation product The equation 

CH, OH+JOj-CHjO+HjO 

only expresses very approximately the overall 
effect taking place during the oxidation process 
In actual practice, the reaction is complex and, 
in addition to oxidation, some formaldehyde is 
undoubtedly formed by dehydrogenation, while 
a portion is lost by decomposition into hydrogen 
and oxides of carbon 

The endothermic dthydroqtnahon of methanol 
is known to take place in the vapour phase at 
temperatures of 200°C and above, under the 
influence of certain catalysts in accordance with 
the reversible equation 

CH, OH ^ CH,0+H,-24 7 kg c&L, 
the equilibrium constants of which have been 


determmed by Ghosh and Chakravarty {J 
Indian Chem Soc 1926, 2, 142) Dehydro 
genation can be effected with high efficiencies 
and high conversions per pass at temperatures 
of about 200°C in the presence of freshly reduced 
copper {Sabatier and Mailhe, Ann chim phys 
1910, [viu], 20, 344) or of a catalyst prepared 
from copper acetate and 1% of cerom nitrate 
(Ghosh and Baksi, J Indian Chem Soc 1926, 
3, 415), but the life of the catalyst is usually 
short Methyl formate is often an important 
product of the dehydrogenation of methanol 
over mixed copper catalysts (Frohch, JSCI 
1928, 47, 173T , Ivannikov and Sherko, J Appl 
Chem Russia, 1933, 6, 1148) In actual 
practice, the dehydrogenation process has not 
proved possible on a technical scale, largely 
because of rapid inactivation of the catalysts 
employed and also because of the simultaneous 
production of much by product However, 
processes involving dehydrogenation in the 
presence of metallic ca talysts on porous supports 
(Backhaus, U S P 1437483, 1922) and also in 
the presence of reduced metallic catalysts with 
steam as diluent (Carbide and Carbon Chemicals 
Corp , Canadian P 363490, 1937) have been 
proposed According to Natta and Strada 
(Giom Chem Ind Appl 1932, 14, 546, 651) 
formaldehyde may be produced with efficiencies 
of 80-90% by dehydrogenation of methanol in 
the presence of a large excess of carbon dioxide 
or carbon monoxide These high efficiencies 
may be due, at least in part, to the reduction 
of partial pressure of the formaldehyde by the 
excess diluent with resulting diminished tendency 
to undergo further decomposition 
The mechanism of the controlled oxidation of 
methanol to formaldehyde was first sys 
tematically investigated by Orloff (J Russ 
Phys Chem Soc 1907,39 855,1024, 1908,40, 
796 1690, Ber 1909, 42, 895) who concluded 
that the mam reaction, 

CH S oh+jo 2 =ch 2 o+h 2 o, 

was followed by the secondary reactions, 
CH 3 0=C0+Hj, 
C0+i0 2 =C0 2 
and H 2 +i0 2 =H 2 0 

However, Le Blanc and Plaschke (Z Elektro 
chem 1911, 17, 45) noted (i) that the hydrogen 
produced always far exceeded in volume the 
sum of the oxides of carbon, (u) that consider 
ably lees oxygen than is required by the theo 
retical equation may be used without serious 
diminution m the yield of formaldehyde, and 
(w) that in the absence of added air, or oxygen, 
the activity of the catalyst diminished rapidly 
but could again be renewed by passage of air 
For these, and other reasons, Le Blanc and 
Plaschke believed that the fundamental re 
action is one of dehydrogenation, the hydrogen 
liberated being largely burnt to water The 
addition of oxygen to the reaction mixture was 
thus regarded as necessary to supply heat and 
to maintain the catalyst in an active condition 
by a process of alternate oxidation and rcduc 
tion Similar conclusions were reached by 
Thomas (J Amer Chem Soc 1920 42, 867), 
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who formulated the foEo>;Ing indrrianal re- 
actions i ~ 

(1) CH 3 0H=CH,0-f-H 2 (dehydrogenation) 

(2) CH.O=CO-f H. (decomposition of 
formaldehyde). 

{ (oxidation of hydrogen 
and carbon monoside, 
occurring only par- 
tially). 

In addition to its effect in transforming an 
endothermic dehydrogenation into an exothermic 
reaction and in maintaining the activity of the 
catalyst, the air used may exert other mfinences 
favouring high yields of formaldehyde. Bv 
rapidly removing hydrogen mom the sphere of 
reaction, the dehydrogenation process is allowed 
to proceed virtually to completion. In addition, 
the dilation of the reacting gases with large 
amounts of inert gas. namely nitrogen, reduces 
the partial pressure of the formaldehyde and 
thus probably minimis es its tendency to undergo 
decomposition. 

Formaldehyde was first produced by Ho fmann 
(Annalsn. 1868. 145, 357; Ber. 1869, 2, 152) 
by the incomplete combustion of me than ol over 
a red-hot spiral of platinum wire. Subse- 
cruentlv, Yolhard (Annalen, 1875. 176, 128) and 
ToEens (Ber. 1882, 15, 1629; 1SS3, 16, 917) 
improved this method and endeavoured to con- 
trol the temperature of the catalyst by regulating 
the fiow of the mixture of air and methanol 
vapour. Platinised asbestos was found equaEy 
effective by Kahlukofi' (.J. Russ. Phys. Chem. 
So c. 1882, 14, 191) while, later, platinum and 
paUsdhnn blacks were used by Oriofr. Almost 
simultaneously, Loew (J. pr. Chem. 1886, (nl, 33, 
323) and ToEens (Ber. 1886, 19, 2135 ; Annalen, 
1SS3, 243, 335) discovered the catalytic activity 
of copper in the form of wire gauze. In a typical 
experiment, air was bubbled through methanol 
maintained at 40-5<rG- and the resulting mixture 
was passed over a spool of copper wire gauze. 
5 cm. long, and heated to a moderate tempera- 
ture, the products being collected in receivers 
maintained at 100‘C. and about 0‘C. respectively. 

The first patented method of oxidising 
methanol catalvncaEv to formaldehyde is thar 
of TriEst (F.P. 199*919, 1889; G.P. 55176, 
1889) who proposed the use of such catalysts as 
platinised asbestos, copper oxide, retort carbon, 
porcelain, etc. On the other hand, the first 
industrial production of formaldehyde is said to 
have bees established near Hanover in 1889 by 
the fim of liercklin and Losehaun, employing a 
process in which the catalyst was copper wire. 
About the same time Ely- and Schulze (G.P. 
193495, 1S9S; FiP. 2SS957, 1899) recognised 
the importance of controlling the ratio of air to 
methanol in the reacting gases and proposed to 
carburet air with methanol in a countercurrent 
scrubbing tower maintained at 40— 50~C. By 
regulating the fiow of alcohol and air to the 
scrubber, the ratio of reactants could be varied 
at will and. in order to moderate the reaction, 
it was proposed to dilate the ingoing air with 
nitrogen derived from the waste gases. The dis- 
closures of Elar and Schulze relate only to the 
preuaration of the reaction mixture and do not 
refer to anv definite type of contact materials. 


The formaldehyde industry underwent a rapid 
development in the decade 1S9S to 1908, during 
which time the most varied types of catalyst 
were employed, although copper wire gauze 
was probably the most popular. ITorel (.J. 
Pnarm. Chem. 1905, 21, 177) described the 
catalyst chamber used in a French factory in 
1905, which consisted of a metal cylinder fitted 
with numerous copper tubes containing copper 
contacts. A plant designed by Orlorf (J. Russ. 
Fhys. Chem. Soc. 1908, 40, 796) and capable of 
oxidising 17-5 kg. per hour of methanol consisted 
of a tubular vessel set at an angle of about 10" 
and containing 169 copper tubes of 19 mm. 
internal diameter, 2 mm. thickness and S00 mm. 
length arranged in two concentric circles between 
two end plates. Glass tubes, 16 mm. internal 
diameter, 1-25 mm. thick and 120 mm. long, 
placed in the copper tubes carried the copper 
contacts which consisted of copper ganze spools 
i abont 120 mm. long. Orion perfected an in- 
genious device, stiE employed to some extent, 
for initiating the reaction without external 
apphcarion of heat. This was effected by placing 
at the inlet end of the catalyst chamber “ igni- 
tion pills ” prepared by soaking pieces of pumice 
in a solntion of platinum and palladium chlorides 
and calcining the prodnct. This catalyst, by 
virtue of its activity at low temperatures, was 
able to initiate the oxidation and thus to raise 
the main copper catalyst to the reaction-tempera- 
tare. 

A great advance was made in 1903 when Blank 
(G.P. 228697, 190S) found that silver was 
superior to other contacts and gave yields 10- 
15% greater than those attained with the usual 
copper catalysts. Since that time a large 
number of modifications of silver and numerous 
other catalysts have been described (ride infra) 
but silver gauze is stEE used almost exclusively 
in large-scale practice. 

The foEowing is a summary of scientific and 
technical literature with special reference to 
modem industrial practice. 

(1) Purity of Bate Materials. 

The p urit y of the air used in the oxidation 
process is of the utmost importance since 
catalvst poiso ning is very liable to occur. The 
air should be free from dust particles, sulphur 
dioxide, hydrochloric acid, hydrogen sulphide 
and sulohuric acid. Elar (Chem.-Ztg. 1935. 59. 
741) has recorded an instance of catalyst poison- 
ing in a plant located on the const for which salt 
in the air was responsible. Silver catalysts in 
mesh form are said to be more resistant to 
poisoning than supported silver catalysts. 
According to Siegl (ibid. 1927, 51, 782) copper 
catalysts' tend to become inactivated by the 
presence in air of halogen compounds, par- 
ticularly organic chlorine compounds, even if 
present in such smaE amounts as to evade detec- 
tionbvtheusnalanalyticalmethods. Air purifi- 
cation is best effected by passage through active 
charcoal or by scrubbing with water or methanol 
in the presence of alkalis or alkali carbonates. 

The methanol used in the process must be free 
from aQ volatile organic, or inorganic, sulphur, 
halogen and cyanogen compounds, while the 
presence of iron carbonyl in synthetic methanol 
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13 particularly objectionable This last im 
purity may be removed by passage of the 
methanol vapour with air over active charcoal or 
Bihca gel contacts (B A S F , G P 420442, 1924 , 
B P 247050, 1925) Zinc compounds, derived 
from containers or vaporisers, may also accu 
mulatc in the contact zone and lead to serious 
deterioration of the catalyst Although the 
presence of appreciable amounts of acetone and 
especially of higher boiling ketones and organic 
by products, is regarded as deleterious, Bobrov 
(J Russ Phya Chem Soc 1918, 50, 130) found 
that the presence of up to 4% of acetone did not 
affect the operation of a copper gauze catalyst 
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According to Orloff, however, the methanol used i 
should not contain more than 2% of acetone or 
' 2% of water, but Thomas (J Amer Chem Soc 
- 42, 867) observed that the presence in the 
1 of 1 7% of acetone and 10% of water 
<1 no influence on silver catalysts Although 
is probable that the presence of substantial i 
amounts of water vapour m the reacting gases J 
will tend to reduce the catalyst temperature 
and thus slow up the reaction Hirchberg (B P I 
199759 and 1997C0 1922) claims better control 
of the catalysis in the presence of copper by the 
introduction of steam in amounts of J to by 


weight of the methanol used TV here highly con 
centrated formaldehyde solutions are desired 
practically anhydrous methanol may bo em 
ployed as raw material (I G Farbenmd AG, 
B P 267768, 1926) 

(2) Proportions of Reactants 
The optimum proportion of air to methanol 
in the reacting gases varies somewhat with the 
catalysts but is generally rather less than that 
required by the equation 

CH S 0H+J0j=CH 2 0+Hj 0 
At oxygen concentrations below the optimum 
efficiencies of formaldehyde pro 
duction are high, but conversions 
per passage are low, while at 
concentrations of oxygen in excess 
of the optimum, conversions fall 
agam while the efficiency of form 
aldehyde formation also declines 
on account of increasing pro 
duction of oxides of carbon The 
general effect of varying oxygen 
concentration on the yields (»e 
conversions per pass) and effi 
ciencies in the presence of copper, 
silver and gold plated copper 
catalysts is shown by the expen 
mental data of Thomas as illus 
trated in Fig 1 (from Marck and 
Hahn, The Catalytic Oxidation 
of Organic Compounds on the 
Vapour Phase, 1932, Chemical 
Catalog Co Inc , N Y ) From 
these results it appears that an 
oxygen concentration equivalent 
to 0 45-0 5 g per g of methanol 
is suitable with a silver catalyst 
Using gauzes of copper and silver, 
80-90 mm in length, Lo BJano 
and Plaschhe found optimum 
oxygen proportions of 0 39 g and 
0 46 g respectively per 1 g of 
methanol On the other hand, 
Gurewitsch and Tsclnrwinskaja 
(J Gen Chem Russ 1935, 12, 
67) found that, in the presence of 
copper gauze as catalyst, the best 
proportion of oxygen was only 
50-54% of that required by the 
above equation, while Natta and 
Strada (Giorn Chem Ind Appl 
1932, 14 545, 651) suggest adding 
only sufficient oxygen to supply 
the requisite heat and maintain 
the reaction without external 
supply or abstraction of heat The actual air to 
methanol proportions used industrially probably 
vary but, in general, methanol is always in 
excess According to Liar, excess of methanol 
is used to dissipate heat so that a typical crude 
condensate from the oxidation process may con 
tain 30-36% formaldehyde 20-24% water and 
40-50% unchanged methanol featisfactoiy 
operation is said by Siegl to produce an exit gas 
(after condensation and washing) containing 
in addition to hydrogen, 3 5-4% of carbon 
dioxide, xcry little carbon monoxide and no 
methanol 
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(3) Catalyst*. 

Tee earlier workers employed catalysts of 
platinum and palladium, either alone" or on 
carriers such as asbestos. Entheninm has been 
suggested as a catalyst (Badische A nil in . u. 
Soda-Fabrik. G.P. 27551S. 1913). Sobseernent 
work has shown. Lott ever, that the platinum 
metals tend to promote further decomposition 
of the formaldehyde and are thus inferior to 
silver and copper. Best results were obtained 
by Or)off with a catalyst of reduced copper on 
asbestos, impregnated with lower oxides of 
vanadium. Although Le Blanc and Plaschke 
found that the catalytic effect of silver was not 
appreciably better than that of copper, the 
superiority of silver, first claimed by Blank 
(G.P. 225697, 190S) has been confirmed by 
Fokin (J. Russ. Pays. Chem. Soc. 1913. 45, 
265) and especially by Thomas (he.). Later 
Kadowaki and Yamada (Rept. Osaka imp. 
Uniw. Res. Lab. Japan, 1931, 11. Xo. 19) found 
that the catalytic activity of silver is slightly 
increased by the addition of vanadium or 
selenium and somewhat depressed by iron, 
cobalt, chromium, copper, zinc or aluminium. 
With cylindrical rolls of silver wire, 15 mm. in 
diameter and 2-6 cm. in lenzth, formaldehyde 
yields of about 79% were obtained with an 
oxygen to methanol ratio corresponding to 0-3S 
“~Q 0-4S g. per g. of methanol. 

Copper cstalvsts, both in the form of gauze 
(Barber, BF. *206155, 1922; U.S.P. 1661063. 
192-5 ; DanneeL G.P. AppL E. 22953, 191S) and 
also on porous carriers (Enderli, G.P. 3IS4Q2. 
1917 ; Snelling. U.S.P- 1122511, 1914) have been 
proposed. Copper vanadate precipitated on 
carborundum or other carbide of the metals of 
Group FT is claimed bv the Selden Co. (U.S.P. 
1930716, 1932) while Clancy (B.P. 163046. 1920, 
Assr. to Xitrogen C-orp.) disclosed the use of an 
active catalyst prepared by ignition of copper 
cyanide. 

Silver catalysts of the most varied types have 
been described and the following may be 
mentioned. Silver precipitated on asbestos 
(Blank, l.c.) ; finely-divided silver (Bouhard, 
F.P. 412501, 1910; Kusnezow, U.S.P. 1067665, 

1913) ; metal couples in mechanical combina- 
tion. i.e. unalloyed, such as silver plus 0-01% 
of platinum in a copper tube (von Hochstetter 
and Holzverkohlungs-Ind. A.-G., G.P- 402S49, 

1914) ; silver vanadate precipitated on diato- 
maceous earth (Selden Co., U.S.P. 1935054. 
1933) ; electrolytic silver c r yst als with, or with- 
out, the addition of lto 10% of difficulty reducible 
oxides such as the oxide of t ung sten, thorium, 
vanadium, cerium, molybdenum, zinc, alumi- 
nium and chromium (EL- Du Pont de Xemours 
& Co., U.S.P. 195S552, 1930 and 2005645, 1930) ; 
silver prepared bv iznition of silver evanamide 
(Clancy, B.P. 163046. 1920). 

According to Adkins and Peterson (J. Amer. 
Chem. Soc. 1931. 53, 1512) molybdic anhydride 
dispersed on small iron spheres is a highly 
efficient catalyst for the production of formalde- 
hyde although the optimum conversions per 
passage are relatively low. However, with a 
catalyst consisting of the oxides of iron and 
molybdenum in equal atomic proportions, con- 


versions of 90% and efficiencies of upwards of 
91% were attained. The use of catalvsts con- 
taining at least 40% of molybdenum oxide 
admixed with one or more oxides of vanadium, 
iron, lanthanum, thorium, neodymium, zinc or 
tin has been proposed (Bakelite Corn., B P 
351570, 1931; U.S.P. 1913404-5, 1931; G.P. 
575596, 1930), a speciallv valuable mixture con- 
sisting of 45-50% Mob,, 45-40% V,O s and 
10% FeO. * 5 

It has been claimed (Bailev and Craver Assr. 
to Barrett Co., B.P. 163950, 1920; U.S.P. 
I3S3059, 1921; Canad. P. 22S03S, 1923; FL? 
533900, 1920; Blom, G.P. 292365, 1913) that 
vanadium pentoxide is an active catalyst for the 
production of formaldehyde at temperatures as 
low as 225'C., so that a large excess of air can 
be employed with resulting minimised risk of 
explosion. Furthermore, the presence of water 
and up to 5% of acetone in the methanol used 
is stated to have no effect on the activity of this 
catalyst. However, the efficiency of vanadium 
pentoxide is said to be increased by admixture 
with certain other metal oxides, such as those of 
potassium and manganese (Weiss and Downs. 
U.S.P. 1S5I754, 192S ; International Aniline and 
Chem. Co., U.S.P. 2065394). 

Other catalysts suggested for this oxidation 
are incandescent carbon (Kala SA., F.P. 
620754, 1926) and the oxides of cadmium, 
chromium and manzanese (LG. Farbenind. 
A.-G.. G.P. 441433. 1923). In order to avoid 
excessive decomposition of the formaldehyde 
during reaction, it has been proposed to carry 
out the oxidation in the presence of sufficient 
ammonia to render the condensed products sub- 
stantially. neutral (Bakelite Corp., U.SJP. 
173S745, 1927). Dilution with steam is also 
suggested as a means of stabilising the formalae- 
hvde and thus inc-reasinz the vields (Hirebberz, 
B'.P. 199759 and 1997607 1922"). 

In modern industrial practice, silver in the 
form of mesh net is most commonly employed 
as catalyst. According to Klar, the only 
alternative catalyst which has so far acquired 
any technical importance is silver deposited on 
carriers such as pumice and asbestos. Under 
suitable working conditions, equally good results 
are obtainable with both types of catalyst. 

4) Control of Reaction. 

The oxidation of methanol is a highly exo- 
thermic process, the approximate heat effect of 
the gas phase reaction, 

CH 3 0H-r40 2 =CH 2 04-H;,0, 

being 4-35-3 kg. cals, per mol. (Kharasch. Bur. 
Stand. J. Res. 1929. 2- 359). In the industrial 
process, part of the heat of oxidation is con- 
sumed in promoting the endothermic dehydro- 
genation. a portion is lost by radiation and part 
is eliminated as sensible heat of the gaseous 
products. In general- the dissipation of the 
surplus heat cannot be effected by radiation or 
external cooling agencies, so that the catalyst 
mass is raised to a relatively high temperature. 
Temperatures of 500-600 C C. are maintained in 
the catalyst zone and control of the temperature 
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is effected partly by regulating the velocity of 
the gases and, m many cases, by employing an 
excess of methanol or diluting the reaction mix 
ture with hydrogen (Klar, Chem Ztg 1935, 59, 
741) The hottest part of the catalyst mass is 
that located near the inlet end, the rear section 
of the catalyst serving to equalise and control 
the temperature While it has been maintained 
by several investigators that some decomposition i 
of formaldehyde, with consequent reduction in 
efficiency, is liable to occur if the length of the 
catalyst zone is increased beyond a certain 
optimum, Thomas found no evidence for this 
when using silver or copper gauze contacts 
With gold catalysts however, the loss of form 
aldehyde by decomposition increased slightly 
with increasing length, the oxidation being 
apparently complete m the first 20 mm of 
length The heat conductmg properties of the 
catalyst are also of some importance and Faith 
and Keyes (Ind Eng Chem 1931, 23 1260) 
have found that catalysts having the highest 
coefficient of heat transfer give the best yields 
of intermediate oxidation products According 
to Bobrov, relatively short copper gauze discs 
packed perpendicularly to the tube axis, give 
better results than copper gauze spirals 

As might be anticipated, gas speeds are of 
considerable importance and fluctuations in feed 
rate can cause erratic operation when insufficient 
catalyst mass is used, owing to temperature 
variations Linear gas velocities of the order 
of 1-2 ft per sec were used by Thomas, who 
found however that the efficiency of silver gauze 
catalysts is little affected by relatively large 
variations m gas speed 

In industrial practice the catalysts are usually 
gauze meBh of 35-300 mm diameter (60 mm 
diameter and 100 mm long is typical) placed 
m a series of copper or silver plated copper 
tubes of approximately the same internal dia 
meter An apparatus described by Schwyzer 
(Pharm Ztg 1930, 75 28, 45) consisted of an 
annular cast iron vessel provided with a central 
conduct to facilitate heat dissipation, the 
catalyst being a bed of copper turnings placed in 
the annular chamber, which was provided with 
an external removable electric heater to initiate 
the reaction Special apparatus and means for 
controlling the course of the catalyses have been 
disclosed by the following patentees Boake, 
Roberts L Co , B P 110787, 1016 , Calvert, 
B P 814, 1915 , U S P 1213740, 1917 , Brutzkus, 
B P 217747, 1023 ; Barbet, B P 206158, 1922 , 

I G Farbenmd A G , B P. 293203, 1927 

(6) Treatment of Reaction Products 

The crude reaction product, on condensation, 
furnishes a crude condensate rich in fonnalde 
byde and a gas which still contains appreciable 
amounts of methanol vapour The latter can 
bo removed by countercurrent scrubbing with 
water, the methanol being subsequently re 
covered for re use by fractionation of the 
aqueous wash liquor The crude formaldehyde 
condensate which may, for example, contain 
39-30% of formaldehyde 20-24% of water and 
a residue of methanol, is usually diluted with 
aqueous wash liquor and stripped of a part of 


its methanol content by fractionation in a 
copper still from which pure methanol is with 
drawn as an overhead product and strong form 
aldehyde solution from the bottom 

Another method of operation consists in sub 
jecting the crude reaction products to a con 
tmuous rectification in a column apparatus In 
>this way it is possible to recover from the bottom 
plate a non polymerising solution of formalde 
hyde free from methylal and containing only 
0 1-0 2% of methanol (Hirchberg, B P 199769 
1922 , Roessler and Hasslacher Chem Co , 
U S P 1871019, 1930) Rapid cooling of the 
hot reaction gases is said to be advantageous and 
this may be effected by immediately contacting 
them with a cold aqueous formaldehyde solution 
(IG Farbenmd A G, BP 260908, Ahlbeck 
and Bakehte Corp , USP 1744295, 1927) 
Very concentrated formaldehyde solutions or 
paraformaldehyde, are obtained by oxidising 
substantially anhydrous methanol rapidly cool 
ing the reaction products and subjecting the 
cooled products to a countercurrent washing 
with a strong solution of formaldehyde 
(IG Farbenmd AG, BP 267768 and 
296847) 

Klar has described a third method of treating 
the reaction products in which the hot mixture 
of methanol vapour, formaldehyde, steam, 
nitrogen, hydrogen and oxides of carbon is 
passed into a senes of aluminium columns, m the 
first of which formaldehyde solution condenses 
while, at a further point in the system, the bulk 
of the methanol is recovered for re use in the 
process 

(6) Yields 

From 100 parts by weight of anhydrous 
methanol, a yield of 93 75 parts of 100% form 
aldehyde, or 257 parts by weight of a 36 6% w/w 
solution, can theoretically be obtained In large 
scale practice, yields of 88-90% of the theoretical 
can only be obtained under the most favourable 
operating conditions, although slightly better 
results have been reported in laboratory expen 
ments conducted for relatively short periods of 
time 

(7) Complete Plant 

A typical modem plant for the oxidation of 
methanol to formaldehyde is shown in Fig 2 
Vannmo and Seitter, Der Formaldehyd, 
Vienna and Leipzig, 1927 see also descnption 
in Chem Rundschau fur Mitteleuropa u 
Balkan, 1925 p 269) Air is aspirated by the 
compressor, 1, into a constant pressure receiver, 
2, from which it passes into a saturator vessel, 4, 
where it is preheated and meets a preheated 
steam of methanol from feeder 3 The resulting 
mixture of air and methanol vapour passes to a 
reactor, 5, usually consisting of a buncn of copper 
tubes charged with the catalyst Copper tubes, 
600 mm long and 60 mm internal diameter, 
charged with silver gauze contacts 110 mm long 
and about 60 mm external diameter are typical, 
while an ignition pill is often used to initiate 
reaction The products of reaction pass into a 
separator, 6, from the bottom of which com 
mercial formaldehyde solution u withdrawn 
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The bnlk of the uncharged methanol is carried' 
over with inert gas and is condensed by means of 
cooler, 7, and collected in receiver, 12. The 
tmcondensed gas then passes to scrubber, 9, 
where the residual methanol is removed by 
countercurrent extraction with water, the 
resulting dilute methanol being concentrated 
in column 10 and returned to 12 for re-use. 

Reoductiob' or Fobillldehyde by 
O xTO XTioy or Hydeocabboxs. 

It has long been known that formaldehvde is 
produced in small amounts by the incomplete 
oxidation in the vapour phase of various hydro- 
carbons. On account of its cheapness and 
abundance, methane appears particularly attrac- 
tive as a raw material for such a process. How- 
ever, despite a voluminous patent an d scientific 
literature, so far little formaldehyde seems to 
have been produced industrially either from 
methane or other hydrocarbon gases. It has 
been stated that considerable quantities of 
formaldehyde and methanol are produced by 


catalytic oxidation of natural gas (Ind. Eng. 
Chem. 1928, 20, 342), and also as a by-product 
of the production of carbon black from natural 
gas JEgloff and Sehaad, Chem. Reviews, 1929, 
6, Ho. 1), while small-scale plant for the pro- 
duction of formaldehyde from methane have 
been operated in Russia (Chem. Trade J. 1935, 
96, 200: 1937, 100, 234) and in Germany (Ind. 
Eng. Chem. Hews Edit. 1936, 14, 449). 

The general course of the vapour phase oxida- 
tion of methane fay air or oxygen was elucidated 
mainly by the scientific work of Bone and his 
collaborators (J.C.S. 1902,81,535 ; 1903, 83, 1074 ; 
1906, 89, 674) and of Blair and Wheeler (J.S.C.I. 
1923, 42, SIT). Their results indicated tbat, 
owing to the instability of formaldehyde, the 
conditions favouring its formation include opera- 
tion at relatively low temperatures and for short 
contact times. For practical purposes this 
implies that high efficiencies of formaldehyde 
production can only be attained under con- 
ditions of small percentage decomposition per 
pass, so that multi-stage operation or recycling 
becomes necessary. By the non-catalytic oxida- 



Fig. 2. 


tion of gas mixtures containing 80% methane 
and 20% oxygen at 665 C C., Blair and Wheeler 
obtained formaldehyde with an efficiency of 
65% at very low conversions per pass, so that 
the actual concentration of formaldehyde in the 
exit gases was small. Higher concentrations 
can only be attained under conditions of 
relatively low efficiency. The highest form- 
aldehyde concentration was obtained by 
Tropsch and Roelen (Brennstoff-Chem. 1924, 
5, 37) by passing equimolecular mixtures of 
methane and oxygen through small bore tubes 
at 1,090'C., when the yield of formaldehyde was 
5-96% of the methane entering the system: 
Ledbury and Blair (Chem. Res. Rep. Ho. I, 
D.SXR. 1927) studied the non-catalytic oxida- 
tion of methane to formaldehyde in a circulation 
apparatus. Using a mixture of 80% CH 4 and 
20% O. with a contact time of about 1 second, 
at about 700 : C. formaldehyde was obtained in a 
concentration of 2mg. per litre of gas mixture 
and an estimated yield of 30%, calculated on the 
methane consumed. 

The catalytic oxidation of methane to form- 


aldehyde has been the subject of a large number 
of scientific studies and patent disclosures, 
which are reviewed by Roelen (Ges. Abh. Kennt. 
Kohle. 1925. 7, 111), Egloff and Sehaad (Chem. 
Reviews, 1929, 6, Ho. 1), Marek and Hahn 
(■‘ Catalytic Oxidation of Organic Compounds 
in the Vapour Phase,"’ 1932) and Mayor (Rev. 
Chim. Ind. 1927, 46, 70, 110). Interesting 
resnlts were obtained by Medvedev (Trans. 
Karpov Inst. Chem. 1924, Ho. 3, 54; 1925, 
Ho. 4, 117) rising' catalysts consisting of phos- 
phates of lead, aluminium, tin and iron activated 
by the addition of about 0-13% of hydrogen 
chloride in the gas mixture used, and operating 
at oOO-IOO'C. With mixtures of methane and 
air, or oxygen, one pass operation furnished 
formaldehyde in yields of 5-6% based on the 
methane passed through the apparatus. Schon- 
felder (Ber. Ges. Kohlentecb. 1923, 4, 247) 
found that by passage of mixtures of methane, 
steam and air over copper or silver catalysts at 
500 C C., 55-59% of the hydrocarbon was oxidised 
to formaldehyde, 10-20% to carbon monoxide 
and 25-40% remained unchanged. Oxidation 
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of methane with an equal volume of air at 650° 
in contact for 1 second with a suitable catalyst 13 
claimed by James (U S P 1688836, 1926) to yield 
formaldehyde in amounts corresponding to 
6 76% of the methane treated Oxides of mtro 
gen have been found to exert a distinct catalytic 
influence on the oxidation of methane to form 
aldehyde (Layng and Soukup, Ind Eng Cbem 
1928, 20, 1052, Frobch, Harrington and Waitt, 
J Amer Chcm Soc 1928, 50, 3216), and Bibb 
(USB 1392886, 1921, 1647725, 1925) has 
obtained a yield of 123 g of formaldehyde per 
cubic meter of gas used by oxidising natural gas 
in the presence of this catalyst at 730°C 
The homologues of methane appear to furnish 
higher proportions of formaldehyde by partial 
oxidation than does methane itself, probably 
because of the lower temperatures and shorter 
contact times involved By heating a mixture 
of ethane and air (2 vol ) at 700°C for about 
1 second and recycling part of tho reaction 
products, yields of formaldehyde amounting 
to about 7 4% of the theoretical have been 
obtained (Curme, U S P 1729711, 1929, ABar to 
Carbide and Carbon Chemicals Corp , also B P 
238938, 1024) 

The industrial possibilities of the non catalytic 
oxidation of ethylene to formaldehyde have been 
explored by Ledbury and Blair (I c ) who 
obtained beat results by passing a mixture of 
16-20% ethylene and a residue of air through a 
tubular reactor at 675°C and a contact time of 
about 1 second Under these conditions, form 
aldehyde can be obtained with an efficiency of 
50-76% but the conversions per pass (and also 
tho concentration of formaldehyde in the exit 
gas) are low, so that repeated recycling becomes 
necessary 

Tlio oxidation of hydrocarbons by means of 
ozone and also by air under the influence of the 
silent electric discharge has been studied but 
neither method is of industrial importance 

JltWinJCTKPr -A" JfyVMeJSiBFFSiT 
Hydrogenation or Oxides or Carbon 
Tho hydrogenation of carbon monoxide to 
formaldehyde according to tho reversible equa 
tion CO + H C H t O represents an intermediate 

stngo in tlio well known synthesis of methanol, 
and it might be expected therefore, that such a 
synthesis would be of technical value In 
ractiec however, it is difficult to stop the 
ydrogenation at the desired stage and no 
industrial applications of this reaction have 
been recorded Degpito several patent claims 
(< Q Dreyfus, BP 108855 and 167047, 1917, 
Church, 1 P 510040, 1919, Lush BP 180016, 
1921 , Fratnjon, B P 450449, 1935) only traces 
of formaldehyde are obtainable at atmospheric 
pressure (Jaeger and Winkclmann, Ges Abb 
Kcnnt Kohle, 1925, 7, 55) Somewhat better 
results appear possible at elevated pressures and 
E M Botscharova and B M Dolgov (J Gen 
Chem Russ 1934, 4 145) obtained a 6% yield 
of formaldehyde from water gas at 125 atmo 
spheres pressure and 400*0 in the presence of a 
4MgO — Mn,0, catalyst A variety of catalysts 
have been claimed for the high pressure syn 
thesis of formaldehyde (Soc Cairo Grande 


Paroissc, B P 272155, 1927, Arsem and Com 
mercial Solvents Corp USP 1740141, 1929, 
Selden Co, USP 1824896, 1925) The re 
duction of carbon monoxide by hydrogen at 
sub atmospheric pressures and under the in 
fluence of anodic light yields formaldehyde 
(Usmes de Welle, BP 469371, 1937) while 
Roman (B P 371377, 1932) has disclosed a cata' 
lytic process at atmospheric pressure in which 
a multi metal catalyst is used and revivified at 
very frequent intervals Reviews of this subject 
have been contributed by Kuster (Brennstoff 
Chem 1936, 17, 103) and Neumann and Bdjcevic 
Z angew Chem 1927, 40, 1469) 


(Miscellaneous Methods of Preparation 

The oxidation of acetaldehyde in the vapour 
phase is claimed to furnish formaldehyde in 
yields of 60% or thereabouts (Consortium f 
Elektrochem Ind , B P 178842, 1922, USP 
1864541) while methylamine may also be 
oxidised to formaldehyde (Trumplcr, Swiss P 
111120, 1924) Passage of dimethyl ether and 
air over a copper or silver catalyst at elevated 
temperatures has also been proposed (Meister, 
Lucius and Brlimng, G P 413448) 

Processes for the production of formaldehyde 
by catalytic reduction of formic acid (Arsem 
and Commercial Solvents Corp , U S P 1648602 , 
BASF, GP 185932, Goldschmidt, GP 
183856) or by decomposition of various formates 
(Hofmann, GP 316217, Guignard, TP 
650380) are scarcely attractive m view of the cost 
of the raw materials 

Tho hydrolysis of methylene dichlonde by 
means of water (Rhcnania Ver Chem Fabnk , 
G P 362746), or by steam in the presence of 
alkaline salts furnishes good yields of form 
aldehydo (Meister, Lucius and Bruning, G P 
382391) Hydrolysis can also be effected in the 
vapour phase over activated charcoal at 260- 
270°C , when an 84% yield of formaldehyde is 
F.a-.hsnms> .4 £?P 426/179, 

BP 189432, 1022) Various methods of pro 
ducing hexamethylenetetramine and allied pro 
ducts by reacting methylene dichlonde with 
ammonia, aqueous ammonia or ammonium 
chlonde have been proposed (Karpen, B P 
230015, USP 1499001, 1499002 1568817, 
1568323 1630782, Hohverkobhmgs Ind , B P 
195602, 1922), but no large scale apphcations of 
these processes have been recorded 


Monomerio Formaldehyde 

Formaldehyde was first obtained in relatively 
pure form by KekuI6 (Ber 1692, 25 2435, see 
also Sachs, Jier 1899 31, 1231) by heating para 
formaldehyde Walker (J Amer Chem Soc 
1933,55 2821) prepared this substance by dis 
tillation of an alkali precipitated polyoxy- 
methylene Tho monomer exhibits a marked 
tendency to undergo polymerisation, particularly 
in the presence of traces of water and oxygen 
Recently, Spence and Wild (JCS 1935, 338) 
have prepared more stable specimens of tho 
liquid monomer by depolymensation of para- 
formaldehyde and separation of water in a senes 
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of cooled traps. Anhydrous formaldehyde gas 
is stable at SG—100C. at w hi ch temperature it 
shows little deviation from the gas laws. Tri p 
gas at- room temperature is quite soluble in 
methanol and very soluble in water. Gaseous 
formaldehyde decomposes at temperatures above 
500C., mainly into carbon monoside and 
hydrogen (Bone and Smith. J.C.S. 1905, 87, 
910), this reaction being accelerated by numerous 
catalysts (Maher, Ber. 1921. 54 [B], 3214; 
Tropsch, Otto and Roelen, Abb. Kennt. Kohle, 
1925, 7, 15, 25 ; Medvedev and Robinson, Trans. 
Karpov Inst. Chem., 1925, 4, 117). 

The following physical constants have been 
recorded : 

Liquid monomer, b.p. — 21 C C. (Keknle, l.c .) ; 
— 19-2 3 at 760 mm. (Spence and Wild, J.C.S. 
1935, 507); m.p.—92'C. (Harries, Ber. 1901, 34, 
635); — 11S C C. (Spence and Wild, l.c. ; latent 
heat of vaporisation, 5,160 g.-caL/mol. (Mali and 
Ghosh, J. Indian Chem. Soc. 1924, 1, 37) ; 5,570 
g.-caL/moL (Spence and Wild, . l.c.) ; density, 
0-S153 at — 20 C C. (Keknle) ; vaponr pressure- 
tempersture relationship 

Iogi 0 patm.=— 1429/ T-j- 1-75 log T 

— 0-0063T-rS-0177 

(Spence and Wild, l.c.). 

.Gascons monomer* — Heat of formation, 25,400 
g.-eal. (Del 5p in e, Ann. chim. phys. 1893, [vii], 
15, 554 ; Compt. rend. IS97, 124, 1525) ; heat 
of formation at constant volume, 27.SOO g.-cal. 
(von Wartenberg, Mnchlinski and Riedler, Z. 
angew. Chem. 1924, 37, 457 ; von Wartenberg, 
ibid: 1925, 38, 591) ; heat ofsolution in water, 
15,400 g.-cal. (Delepine). 

AotTzors Solutions or Fosmalbsktde. 

Formaldehyde is available commercially in the 
form of its aqueous solutions, which always con- 
tain appreciable amounts (7-13%) of methanol 
to prevent the deposition of water-insoluble 
polymers. The 40% formaldehyde of com- 
merce contains 36-33% by weight- of form- 
aldehyde ; the product- required by the British 
Pharmacopoeia should contain 36-33 g. per 
100 c.c. and have a sp.gr. of 1-030. To inhibit 
the formation of polymers, it has been proposed 
to add sobstances such as sodium soaps (Hirch- 
berg, B.P. 211943, 1922), urea (Canadian In- 
dustries, Ltd., Cansd. P. 341481, 1933), 

hvdrogen sulphide (Du Pont de Nemours & Co., 
B.P. 427423, 1933 ; T7.S.P. 2002243, 1932) and 
water-soluble nitrogen compounds such as ■ 
thiourea (Du Pont de Nemours & Co., B.P. I 
42S-S71, 1933). The addition of 10-15% of 
glvcerol and sufficient alkali to give a distinctly 
alkaline reaction is also claimed as a method of 
stabilising concentrated aqueous solutions (In- 
ternational Chem. Co., F.P. 544293). Form- 
aldehyde solutions for pharmaceutical purposes 
are prepared by distillation in copper stills with 
addition of lime to the distillate in order to 
neutralise formic ac-id. 

The following values of d 1 ^ for methanol-free 
formaldehyde solutions are given by von 
Wartenberg and Lemer-Steinberg (Z. angew. 
Chem. -1925, 38, 591). 


d ls 

CH*0 per 

ioo g. 

g. CH.O per 
109'cc. 

1-000 

0*5 

0*5 

1-010 

3-7 

3-S 

1-020 

7-0 

7-1 

1-030 

10-2 

10-5 

1-040 

13-4 

14-0 

1-050 

16-7 

17-5 

1-060 

19-8 

21-0 

1-070 

23-0 

24-6 

1-OSO 

26-2 1 

2S-3 

1-0S5 

27-S 

30-1 

1-090 

29-3 

32-0 

1-095 

30-9 

33-8 

MOO 

32-5 

35-7 

1-105 ‘ 

34-0 

37-6 

1-110 

35-6 

39-5 

1-115 

37-2 

41-4 

1-120 

3S-7 

43-4 

1-125 

40-3 

45-3 


The presence of methanol considerably re- 
duces the density of formaldehyde solutions, as 
may be seen from the following figures (data 
quoted by Ullmann, “ Enzyklopadie der tech- 
nischen Chemie, 1930, vol. 5; see also Mane, 
Pharm. Zte. 1918, 63, 197 ; Gradenwitz, ibid. 
241). 

Values of d\t. 

i F onnaldehvde, % . 

Methanol 1 

| 30 32 34 | 36 i 3S 40 


! 0 1-0940, 1-1003! 1-1066, 1-112S! — — 

: 2 1-0392 1-0953 1-1015 1-1077 — — 

; 4 1-0347 1-090S. 1-0969 1-1030 — — 

6 1-0799 1-0360 1-0921 1-09S3. 1-1045 — 

i S 1-0755 1-0S15 1-0S75 1-0935 1-0996 1 1-1038 

10 1-0711 1-0770 1-0S29 1-OSSS' 1-0947) 1-1006 

[ 12 1-0664! 1-0721 1-0779 1-0336 1-0394 1-0952 

14 1-061S,' 1-0674 1-0730 1-0737 1-0343 1-0S99 

16 1-0573 1-062S 1-06S41 1-0740 1-0796; 1-0352 

1 IS 1-05271 1-0530, 1-0535; 1-0691 1-0747 — 

20 l-04Slj l-0534j 1-05S7J l-0641j 1-0695J — 

The heat of solution of formaldehyde in water 
is 15,400 g.-caL per mol. (Delepine, l.c.), the 
heat of formation of aqueous formaldehyde being 
40,300 g.-caL (Delepine). 

Information on the concentration of form- 
aldehyde solutions by distillation is conflicting. 
Thus, while Auerbach (Arb. Kais. Gesundh. 
1905, 22, 5S4) found that the boiling point of 
aqueous solutions decreased with increasing 
formaldehyde concentrations up to 30% and 
then remained practically constant, Gibson and 
Wilkinson (J- Amer. Chem. Soc. 1921, 43, 695) 
concluded that an S% solution constituted a 
constant boiling mixture and that distillation of 
solutions below S% gave distillates more con- 
centrated than the residual liquid. On the 
other hand, Ledbury and Blair (l.c.) fractionated 
methanol-free formaldehyde solutions in a 5- 
section Young column and found that a 30% 
solution approximates to a constant boiling 
mixture (b.p. 93- VC. at 760 mm.) ; so that 


l 
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it is possible to concentrate formaldehyde m 
the distillate or in the residue, depending on 
whether the concentrations of the initial solu 
tion are respectively below or above 30% 
Quite different results are recorded by ZimmerU 
(Ind Eng Chem 1927, 19 624), who was able 
to concentrate formaldehyde solutions to yield 
distillates with a maximum content of 66% 
of formaldehyde by using an 8 ft packed column 
and high reflux ratios Even weak solutions 
could be concentrated, leaving a residue entirely 
free from formaldehyde Zimmerh believed that 
the formation of methylene glycol, CH 2 (OH) 2 , 
was responsible for this fractionation, a 66% 
formaldehyde (b p 99°C ) corresponding to 90% 
of the hypothetical glycol, the existence of 
which has also been inferred from physical and 
chemical evidence 

It has been shown by Korsbev and Rossinkaja 
(J Chem Ind Russ 1936, 12, 610, 721) that 
formaldehyde can he concentrated by distil 
lation under reduced pressure, the distillate 
vapours being much poorer in formaldehyde 
than under atmospheric pressure Thus, the 
vapours evolved on distillation of 7% 17% and 
2S% aqueous formaldehyde solutions at 21 mm 
contain 0 46%, 1 41% and 4 60% of form 
aldehyde respectively while the corresponding 
concentrations for distillation at 1 atmosphere 
are 6 95 14 96 and 22 8% The addition of 
calcium chloride in atmospheric pressure dis 
tillation increases the concentration of form 
aldehyde in the vapours so that a 13% aqueous 
formaldehyde can be made to yield directly a 
distillate containing 37% of formaldehyde For 
the concentration of very dilute solutions, it is 
proposed to remove part of the water by dis 
tillation at 32°C and 30 mm and then distil 
the residue with the addition of calcium chloride 
to furnish a distillate containing 37% form 
aldehyde 

Reduction in free acidity to below 0 01% by 
weight, calculated as formic acid, followed by 
concentration under reduced pressure, has been 
jirojiosed (Deuts Gold u Silber Scheideanstalt. 
vorm Roessler, B P 447050, 1936) Smith 
(USP 2016180) obtams concentrated form 
aldehyde solutions by distilling aqueous form 
aldehyde with substances, such as calcium 
chloride, which raise the boiling point of the 
solution above the decomposition point of the 
formaldehyde polymers, and collecting the first 
fractions With a view to decomposing poly 
meric forms and thus increasing the form 
aldehyde concentration m the vapour phase, 
distillation under increased pressures has been 
advocated particularly m the presence of a salt 
or an acid or acidic salt (Deuts Gold u Silber 
Scheideanstalt vorm Roessler, B P 471762, 
1937 , Roessler and Hasslacher, Chem Co , 
USP 1905033, 1933) Ledbury and Blair have 
found that pressure distillation in the presence 
or mm, monel metal and lead involves con 
siderable decomposition of formaldehyde in 
aqueous solutions, but nickel aluminium and 
copper are less objectionable in this respect 

The partial pressures of formaldehyde in 
aqueous solutions of 6-40% concentrations and 
at temperatures of 0— 15°C have been determined 
by Ledbury and Blair, using a dynamic method. 


The presence of methanol increases the partial 
pressures of formaldehyde in this range of con 
centration and temperature According to 
Walker (J Physical Chem 1931, 35, 1104) the 
partial pressure of formaldehyde is much less 
than would be expected on the basis of Henry a 
law and appears to be proportional to the con 
centration of methylene glycol 

Chemical evidence, already referred to, of the 
existence of hydrated forms of formaldehyde in 
aqueous solution is supported by a number of 
physico chemical data including cryoscopio 
molecular weight measurements, Raman spectra 
and absorption spectra In dilute aqueous solu 
tions, formaldehyde exists apparently almost 
entirely in the form of methylene glycol but in 
more concentrated solutions, this monohydrate 
is in equilibrium with other hydrates such as 
(CH 2 0) 3 H jO or 

HO CH 4 O CH a O CH 2 OH. 
According to Auerbach and Barschall (Arb 
Kais Gesundh Amt 1905, 22, 584) methylene 
glycol and tnmethyleneglycol are the only 
hydrates present in solutions containing up to 
34% formaldehyde Higher polymerised hy 
drates, or hydrated polymers, are formed very 
readily from more concentrated solutions and 
tend to be precipitated m sobd form When a 
concentrated formaldehyde solution is diluted 
with water, the polymerised hydrates dissociate 
into methylene glycol but equilibrium is only 
obtained after several hours at room temperature 
(Walker, Ind Eng Chem 1931, 33 1220) 

Polymers of Formaldehyde 

Two entirely different types of formaldehyde 
polymers must be distinguished namely (i) true 
polymers of the general formula (CH z O)« and 
(u) hydrated polymers of the type (C H a O ) n H a O, 
most of which have the constitution of poly 
methyleneglycols, namely, 

HO CH 2 [0 CH 2 ]„OH 
Only substances of the second type are of in 
dustnal importance 

Paraformaldehyde, a substance of considerable 
technical importance, consists of a mixture of 
polymetbyleneglycols of the formula 
(CH 2 0)„ HjO 

where n vanes between 6 and 60 according to 
the degree of polymerisation (Staudinger, 
Annalen, 1929, 474. 241, 250) It is a white 
amorphous powder, melting at 120-t30°C 
(sealed tube) and smelling strongly of form 
aldehyde, with a formaldehyde content of about 
95% It dissolves slowly in cold water, more 
rapidly on warming to yield solutions which 
tend to be transformed into aqueous form 
aldehyde , this transformation is said to be veiy 
rapid on heating It is insoluble in alcohol and 
ether 

Paraformaldehyde is slowly precipitated at 
ordinary temperatures from formaldehyde soJu 
tions of more than 30% strength, at lower 
temperatures the limiting concentration is lower 
Several industrial methods of preparation have 
been described, the main object being the prc 
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pamtion of a product as soluble in -rater as 
possible and free from insoluble polymers. In 
a method described by Schwyzer (Caem.-Ztg. 
1930, 75, 2-S. 45}, aqueous formaldehyde is 
distilled to the extent of about 60% in an 
enamelled iron vessel and the residue is trans- 
ferred to a second enamelled vessel where it is 
agitated for 4-S hours at 5-lG‘C. to yield a solid 
mass of paraformaldehyde. Patented methods 
of preparation include evaporation of form- 
aldehyde solutions at low temperatures either 
under reduced pressure (Richter, F.P. 760075, 
1933 ; Xasch, B.P.' 420993, 1932) or by adding 
substances forming low-bclting azeotropes with 
rater (Dents. Gold- u. Silber-Scheideanstalt, 
vorm Roessler, B.P. 375744). Paraformalde- 
hyde is also produced by slowly cooling a 55- 
65% aqueous formaldehyde solution at a rate 
of 1-3^0. per hour, preferably in the presence of 
an electrolyte (Dents. Gold- u. Silber-Scheidean- 
stalt, vorm Roessler, B.P. 421691, 1933). 

c-Poh'oryrr.dhy’.ene is a mixture of hydrated 
polymers similar to paraformaldehyde bat 
having a higher degree of polymerisation, the 
values of r. in the formula (CH,0) r .-H.0 being 
109 or over (Stand inner, Ar.nalen. 1929, 474, 
241, 250; Mannich, Ber. 1919, 52 [Bj. 160). 
Like paraformaldehyde, it dissolves readily in 
dilute alkalies and in sodium sulphite solutions. 
However, it is less soluble in water than para- 
formaldehyde and has a higher melting-point, 
e.g. 160-16vC. in a sealed tube. On heating in 
an open tube it is transformed into gaseous form- 
aldehyde without melting, while its aqueous 
solutions undergo slow depolymerisation to form- 
aldehyde. Solutions of paraformaldehyde and 
c-polyoxymethylene can be used in place of 
formaldehyde in most chemical reactions. It is 
prepared by the action of dehydrating agents on 
aqueous formaldehyde solutions, e.g. by adding 
1 voL of cone, sulphuric acid to 10 vol. of 3S% 
formaldehyde solution- The product is washed 
with rater ana, after drying over phosphorus 
pentoride, contains about 92% of available 
formaldehyde (Staudinger, l.c.). A similar 
polymer can be prepared by the action of 
alkalies, such as sodium or potassium hydroxides', 
on formaldehyde solutions. By treating a 50- 
60% aqueous solution of formaldehyde with a 
few parts per thousand of inorganic or organic 
basic material such as ammonia, amines or 
urea, a cryst alline product- is said to be ob- 
tained, which after vacuum drying, contains 
0-5-l-5% of combined water (Pfrlet, F-P. 
765540, 1933). Solid granular polymers are 
obtained by treating 45% formaldehyde solu- 
tions with a small amount of dilute sodium 
carbonate below 50"G. (LG". FarhenintL A--G., 
BJP. 30325S, 1927), or from solutions containing 
25%, or less, formaldehyde by addition of sul- 
phuric or phosphoric adds of at least 2% con- 
centration at temperatures below 60'C. (Schilt, 
B.P. 342 66S, 1929). 

fi-Pclyoxym ethylen e is similar to the above- 
mentioned polymers but has probably a higher 
degree of polymerisation. It is produced by 
treating 10 voL of 40% formaldehyde with 4 voL 
of concentrated sulphuric add. The polymer 
alwavs contains a small amount of snlphunc 
add not removed by water washing and probably 


combined in the form of sulphuric acid deriva- 
tives of the higher polymethyleneglycols. It 
is insoluble in alcohol and ether, slizhtlv soluble 
m rater (3-3% at IS 1 and 4% at 25*0.), but dis- 
solves in aqueous sodium sulphite. Heating in 
an open tube converts it partly into gaseous 
formaldehyde and partly into c-trioxymethv- 
Iene; in a sealed tube it melts at 163-16S C C. 
(Auerbach). 

y-P clyoxym ethylene is produced along with c- 
and ^-polyoxymethylenes by the action of 4 voL 
of concentrated sulphuric add on 10 vol. of 
formaldehyde solution containing me than oL 
This substance is not a true polymer of form- 
aldehyde since Staudinger has shown that it 
contains combined methanol, probably in the 
form ot dimethyl ethers of polymethylene- 
glycols. In agreement with this structure, y- 
polyoxymethylene is scarcely soluble in rater 
and does not dissolve in dilute alkalies or 
sodium sulphite so that it is readily separated 
from c- and ^-polvoxvmethvlenes. It melts at 
1&0-16S--C. in a sealed tube. By prolonged 
action of boiling rate r it is converted into 
b-polyormr.etr.ylene, a change which is repre- 
sented by Staudinger as follows : 

CHjOfCH.-OJn-CH^O-CH.-OC^ 

CH 3 0-[CHjO]/j-CH ; -CH (OH)-OCH,. 

This S-polymer is insoluble in water, sodium sul- 
phite solution, alcohol and ether. It melts at 
169-1 70 = C. in an open tube without decomposi- 
tion, but at higher temperatures it yields 
formaldehyde. 

e-Pclyoryv. ethyls r.e is the name given to an 
amorphous polymer melting at 1 95-200'C. and 
insoluble in rater and alkaline solutions. This 
substance was discovered by Ha mini ek and 
Boeree (.J.C.S. 1922, 121, 273S) but its constitu- 
tion is not definitely known. Its composition 
corresponds with a true polyoxymethylene, i.e. 
with (CH,0)„, but- in its physical properties it- 
bears a closer resemblance to the polymethylene 
glycols or hydrated polymers. 

The true polyox y methylenes of the formula 
(CH.O) n differ from the hydrated polymers in 
not containing combined water, methanol or 
sulphuric acid. On thermal decomposition, the 
former yield gaseous monomeric formaldehyde, 
while the latter give partially polymerised 
vapours. So far, only two members of the true 
poly oxym ethylene type have been described, 
namely a-trioxymethylene and tetraoxymeth- 
lene. 

c-Trioxymeihyhne is obtained in 10% yield by 
sublima tion from a mixture of 10 parts of para- 
formaldehyde and 1 part- of 50% sulphuric acid 
in an evacuated and sealed tube. It is also pro- 
duced bv subliming jS-poIyoxymethylene, the 
sulphuric acid content of which probably acts 
as a catalyst. The purified compound is a 
crystalline solid melting at 64 C C. with a smell 
somewhat resembling that of chloroform. It is 
insoluble in water, aqueous alkaline or. sodium 
sulphite solutions, slightly soluble in light 
petroleum and soluble in numerous organic sol- 
vents. It fails to give the characteristic form- 
aldehyde reactions with Schiff’s reagent or 
ammoniacal silver nitrate and is converted by 
sulphury! chloride into chloracetic acid- The 
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vapour of the compound, which is stable up to 
about 200° C , has a density corresponding to 
(CH,0) 3 The polymer probably has tho cyclic 
structure 


CH, 



CH 2 CH 2 

(Auerbach and Barschall, Arb Kaia, Gesundh 
Amt 1907,27, 182, Hammich and Boeree, / c ) 
Tetraoxymethylene v as obtained by Staudinger 
and Luthy (Helv Chim Acta, 1925, 8, 65) by 
heating an insoluble polyoxymethylene diace 
tate at 150°C tn vacuo It is a crystalhne solid, 
m p 112°, with a vapour density corresponding 
to a tetramer of formaldehyde, (CH 2 0) 4 

«jv JIsvcmcj jaHrow 

Oxidation of formaldehyde yields formic acid 
and its degradation products depending upon 
the conditions Treatment of 30% formalde 
hyde solutions with oxygen in the presence of 
platinum gives carbon dioxide and water, while 
sodium hypochlorite oxidises it to formic acid 
(Dehn, J Amer Chem Soc 1909, 31, 1229) In 
dilute sulphuric acid solution, electrolytic oxida 
tion gives formic acid and oxides of carbon (Law, 
J Amer Chem Soc 1905,87, 199), m alkaline 
solution formic acid and hydrogen (Muller, Z 
angew Chem 1922, 35, 689) are formed In 
aqueous alkabne solution, formaldehyde is 
oxidised by hydrogen peroxide to yield sodium 
formate and hydrogen, a reaction which has 
been made the basis of an accurate quantitative 
method of estimation (Blank and Finkenbeiner, 
Ber 1898, 31 2979) Rieche and Meister (ibid 
1935, 68 [B] 1465) have shown that in an 
hydrous media hydrogen peroxide combines with 
formaldehyde to give hydroxymethyl hydro 
peroxide, a relatively stable oil 
Formaldehyde is a strong reducing agent and 
in alkaline solutions can reduce salts of many 
metals, including the noble metals, mercury, 
bismuth, iron, osmium, etc , with precipitation 
of the free clement In strong alkaline solutions 
of formaldehyde, silver oxide and cuprous oxide 
catalyse the evolution of hydrogen in accordance 
with the equation 

CH 2 0+NaOH = H C0 2 Na+H 2 
(Vamno, ibid 1903, 36, 3304) 

Even m dilute aqueous solutions, formalde 
hyde combines with ammonia to yield the 
monoacid base, hexamethylenetetramine in ac 
cordancc with the equation 

6CHjO+4NH 3 =N 4 (CH 1 )j+6H i O. 

This technically important material is a white 
crystalline solid, soluble in water and alcohol 
but insoluble in ether Its production has been 
made the basis of a titnmctnc method of deter 
mining formaldehyde (Legler, tbid 1883, 16, 
1933, Locw, J, p r . Chem 1886, [n], 33, 326) 
Passage of ammonia into a strong, well cooled, 
aqueous solution of formaldehyde yields a 
colourless oil, possibly tn (hj droxj methj 1) 


amine, which readily changes to hexamethylene 
tetramine 

With hydrogen sulphide, formaldehyde yields 
tnmenc thioformaldehyde,(CH 2 S) Formalde 
hyde oxime, bp 84-85°C , is" readily poly 
merised to a tnmer, (CH 2 NOH) 3 Fuming 
sulphunc acid and tnoxymethylene give methy 
lene sulphate 

/°\ 

CH, SO, 

(DeMpine, Compt rend 1899, 129, 831) With 
hydrogen chloride a vanety of compounds are 
formed, including chloromethyl ether, dichloro 
methyl ether, monochloromethyl alcohol and di 
(chloromethoxy) methane The preparation of 
fiuoromethyl alcohol from hydrogen fluoride and 
formaldehyde has been disclosed with a view 
to its use as a bactericide and fungicide (Meyer, 
GP 4435f>7) 

Sodium bisulphite combines with formalde 
hyde to yield the compound 

CH 2 0 NaHS0 3 }H 2 0, 
readily soluble in water and methyl alcohol and 
less soluble m ethyl alcohol It is reduced to 
(CH 2 0) 2 Na 2 S 2 0 4 (“ Hyraldite") and sodium 
formaldehyde sulphoxylate, 

HO CHj OSONa 2H 2 0 
(“ Rongalite C "), both of which are of industrial 
importance 

Depending upon the experimental conditions, 
alkaline reagents convert formaldehyde into 
methyl alcohol and formic acid (Cannizzaro 
reaction), or into a mixture of hexoaes, including 
a acrose, as well as intermediate products such 
as glycollaldehyde and dihydroxyacetone In 
general, strong bases and concentrated form 
aldehyde solutions favour the Cannizzaro re 
action while weak bases, such as calcium car 
bonate or lead oxide, and dilute formaldehyde 
solutions, yield products of the modified aldol 
condensation 

t Formaldehyde is capable of reacting with 
almost all types of organic compounds, in 
eluding hydrocarbons, carbohydrates, aldehydes, 
ketones, carboxylic acids, esters alcohols , 
phenols, amines, hydrocyanic acid, hydrazines, 
bydroxylammes, urea, mtro compounds, amides 
and proteins In many of these reactions 
formaldehyde combines with an addendum 
RH to yield first methylol derivatives, 
R CH a OH and then R CH 2 R. Thus, with 
acid amides, compounds of the typo 

R CO NH CH, OH and (R CO NH) 2 CH 2 
are formed Combination of formaldehyde with 
primary aliphatic amines gives alkylamino 
methanols, R NH CH, OH, which are de 
hydrated by Bolid alkalis to (RN CH 2 ) 3 , 
probably having a cyclic structure, 

CH 2 NRCH 2 NRCH 2 f!lR. 

Secondaiy amines combine by typical reactions 
togivefirstRjN CH 2 O H and then CHj(NR,)j 
Examples of the introduction of the — CH 2 OH 
group into nitrogen bases are the reaction with 
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c-sm_>lamine to yieia CgHj-CH.-NH-CH.-OH r and in gHcM aceric add solution to vield diarri- 

i M CJ *~i ^**TT Krrll Sjv» TvQ-» it til 40 I ”“i 7 1 tt_ t -t » ^ “ * 


T-__. Tj ?! CF - - ' , r >, _ r - -- . _ r , : — 6 >-^ wwuiu ^u. cuiuuyu iu ji icia U16X Vi- 

T'~- > .‘'L- Soc. c mm . IS.o, [niu 13, Ioi) ana: methane hydrocarbons (Baeyer, Ber. 1S72— 74). 
. cs tfu±°~_ r ^* *— £ — y^p- carhazole t In the presence of e large proportion of form- 



orists as a trimer, probably of cyclic structure 
and also in a higher polymeric form. In the 
presence of dllnte alkaH, cisaiTinomethcTie, 
CH.(NH-C t Hj)., is formed. Both anhydro- 
formaldehyd c an ft in e and dianflin omethane'coni- 
bine with aniline, on heating with anxlme hydro- 
chlortde to yield mainly 4 :U - d : a min sd : t h e n v I - 
metnane. 5-' : — - - reactions occur with o- 
tolnidine and c-tolniame (Morgan, J.S.C.L 1930, 
49, 245T). Still more complex reaction pro- 
ducts have been isolated mom the reaction 
between formaldehyde and p-tolmdire (Trbger, 
J. pr. (Them. IS 57, [2]. 35. 227 ; Wagner, J. 
Amer. Che m. Soc- 1935, 57, 1295). Reaction 
of formaldehyde with dim ethy lanilin e gives 

tem -yw crny-r _.£ -.1''. rna—fn cri-rA-- vfn-c*r st^ 

important dye intermediate. The condensa- 
tion of formaldehyde with phenols is a reaction 
of the greatest technical importance in the 

in the presence of acidic catalysis yields fusible 
soluble resins but a number of simple inter- 
mediate substance=7 including hydroxylated di- 
phsnylmsthanes, have been isolated (Baekeland 
and Bender, Ir.d. Eng. Che m., 192-5, 17, 225; 
Megson andDrummond, ,LS.C.L 1930, 49, 251T). 
Alkaline condensing agents favour the produc- 
tion of insolubleresms. but intermediate crystal- 
line substances in which the methyiol group 
has been introduced into the phenolic molecule, 
such as eAbydroxybenzyl alcohol, have been 
isolated (Lederer and hfar.asse. Ber. IS94, 27, 
2411 ; ileus on and Drummond 7.C.). 

In its ccndensation with aldehydes and ketones 
under the ink cence of alkaline reagents, resinous 
products are usually formed, although inter- 
mediates can often be isolated. The reaction 
anparentlv proceeds by repeated introduction of 
methyiol grouts at the carbon atom adjacent to 
the CO grout). Thus, y-ketobutyl alcohol and 
Lis-hydroxym~ethyI-tetrahydro-y-pyrone have 
been isolated horn the oroOucts of condensatio: 


mJdehvde and acetone. Unde 


ailar cir- 


cumstances methyl ethyl ketone yields y-keto-£- 
methyi b - a t yl alcohoL 

CH,-CO-CH(CH,)-CH.-OH, 

and y-keto- ^-hvdrorymethvI-2-methyIbutyI 
alcohol, CH,-CO-C(CH;}-(CH,OH) s . (Morgan 
and Holmes, J.C-S. 1932, 2557; are c/.ro 
Decombe, Comut. rend- 1935. 203, 1077)- Con- 
densation of formaldehyde with acetaldehyde 
in alkalin e media vields finally pentaerythrrtol, 
C(CH»-OH) 4 . a substance of importance in the 
manufacture of explosives. In this reaction, 
three methvlol grouns are introduced into the 
acetaldehyde molecule, with the simultaneous 
reduction of the aldehyde group. Xu the 
presence of potassium bicarbonate, three 
methvlol grouts are introduced into the nitro- 
methane molecule to yield. NO,'C(CK.-OK) ; . 

Formaldehvde can be condensed with aromatic 
hydrocarbons in the presence of sulphuric acid 

Torn V.— 21 


Resins,” 1935, Vol. 1, pp. 263-267). Additionof 
formaldehyde to unsaturated hydrocarbons in 
the presence of sulphuric add as catalyst takes 
place in accordance with the scheme 

>C'=C<-rCH,(OK), 

>C(CHjOH)-C(OH)< 

1:3 -glycols being formed. Thus styrene and 
formaldehyde in acetic add solution yield 2- 
phenyl-I ^-propylene glycol and its methylene 
ether (Brins, Proc. Acad. Sd. Amsterdam, 1919, 
22, 51). Propylene end fo rma ldehyde similarlv 
give l:3-hutylene glycoL 
Like other aldehydes, formaldehyde yields 
acetals on reaction with alcohols in the presence 
of add catalysts. With 1:2- and I:3-glycols, 
cyclic acetals are produced of the type 

CHj — 

i >CH,. 

CH. — O' 

By heating together ammonium salts and 
aqueous formaldehyde, the ammonia undergoes 
methylation with the production of carbon 
dioxide and salts of monomethylamine and tri- 
methylamine (Brocket and Cambier, Bull. So c. 
chim. 1895, [521, 13, 533; Compt. rend. 1895, 
120, 557 ; Koeppen, Ber. 1905, 38, 882). 
Primary and secondary aliphatic amines may 
also be methylated in a similar manner. Mix- 
tures of formaldehyde, formic acid and amines 
react in accordance with the following equation : 

H-COOH 

=R a N-CH 3 -f C0 2 -rH s 0. 

(Sommelet and Eerrand, BnIL Soc. chim. 1924, 
[rvj, 35, 446; Clarke, Gillespie and Weisshaus, 
J. Amer. Chen. Soc. 1933, 55, 4571). 

drcfyrfr. — For the qualitative detection of 
formaldehyde, a large number of tests have been 
advanced, most of which are colour reactions. 
These include the formation of a red colour 
(changed to bluish-violet by addition of hydro- 
chloric acid) with SchifT s reagent ; reaction with 
phloroglucin in alcoholic si kali solution to give 
red colour ; development ofa yellow colour. later 
to red, in presence of resorcinol and 
sulphuric acid ; as well as reaction with phenyl- 
hydraidne and sodi um riiroprussids in alkaline 
solution. Host of the above reactions -are suit- 
able for detecting fo rmal dehyde in dilutions of 
1:50,000 (Sabahte chka and Hamisch, Z. a n al. 
Chem. 1927, 70. 67 ; ef. Food Pbesesvahvzs, 
d. 297). Othertests forfonnaidehyde include the 
formation of a silver mirror from alkaline silver 
solutions, and the formation of characteristic 
derivatives such as anhydroformaldehydeaniline, 
hexamethvlenetetramine and formaldehyde-p- 
nitrophenylhydrazone. 

Of the "numerous methods advanced for the 
crnantitstrve determination of formaldehydes 
that of Legler (Ber. 18S3, 16, 1335), based on the 
formation'" of hexamethvlenetetramine, give. 


RjNH 


-CHjCH 
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slightly low results The accurate method of 
Blank and Fmkenbeiner {ibid 1898, 31, 2979, 
1899, 32, 2141) depends upon the oxidation of 
formaldehyde by hydrogen peroxide in alkaline 
solution according to the equation, 
2CH,0+2Na0H+H 2 0» 

=2H CO x Na+ H z +2HjO, 
the excess alkali being determined by titration 
In alkaline solution, formaldehyde is oxidised 
to formic acid by iodine, 2 atomic proportions of 
which are equivalent to 1 mol of formaldehyde 
This is the basis of Romijn s method (Z anal 
Chera 1897, 36, 18) which, however, fails in 
the presence of acetaldehyde Another method, 
improved by Schulek (Ber 1925, 68 732), 
depends on the combination of formaldehyde 
with potassium cyanide to form glycollomtrile, 
subsequently hydrolysed to potassium glycol 
late This is said to be very satisfactory even 
in the presence of other aldehydes For deter 
mining formaldehyde in dilute solutions. 
Orchard (Analyst, 1897, 22, 4) has proposed a 
method based on the reaction with an am 
momacal silver solution, the excess silver being 
found volumetncally Methods based on the 
combination of formaldehyde with sodium sul 
phite according to the equation, 
CH.0+Na.S0 3 +H,0 

<=CH 2 0 NaHSO s + NaOH, 
with titration of the alkali liberated, are not 
satisfactory in the presence of other aldehydes 
For a review of the subject, set Mach and Herr 
mann, Z anal Chem 1923, 63, 417 

Uses op Formaldehyde 
Formaldehyde is employed extensively in 
industry and is to day one of the most important 
organic chemicals of commerce Very large 
quantities, amounting to thousands of tons per 
annum, are employed m the manufacture of 
synthetic resins and lacquers by condensation 
with phenols or urea Condensation products of 
formaldehyde with various natural products, 
including casern, gelatin and yeast, with or 
without phenol or urea, are also employed ex 
tensively as resins The most important syn 
thetic resins are, however, those produced from 
formaldehyde and phenol, alkylphenols or urea 
On account of its intense chemical reactivity, 
this substance is used very extensively as an 
intermediate m the manufacture of dye stuffs, 
such as indigo, rosanihne, auramine, acridine 
dyes, etc , for the production of pentaerythntol 
for explosives, and of numerous other chemicals 
Substances such as paraformaldehyde, sodium 
formaldehyde bisulphite and sodium formalde 
hydesulphoxylate also find extensive application 
m dyeing, bleaching, calico printing, etc 

tor the antiseptic properties of formaldehyde 
(p Disinfects*, ts, Vol 1 V, 26e) Many pharma 
ceutical preparations containing formaldehyde, 
admixed or combined with other materials, 
have been placed on the market as medicines, 
general antiseptics, deodorants and internal 
antiseptics 1 ormaldehyde in 2-2 5% aqueous 
solution is employ ed in the disinfection of wool 
and hairs, and is said to be the most economical 
and efficient material for combating the anthrax 
bacillus It is useful as a disinfectant 


breweries, sugar refineries and stables for com 
bating parasites in both plants and animals, in 
agriculture and gardening for the partial stenh 
sation of soils, particularly for the intensive 
cultivation of tomatoes and cucumbers and for 
many similar purposes Its use in food pre 
eervation has been almost universally pro 
hibited, but it is valuable in the preservation of 
anatomical and histological specimens and 
for fixing bacterial growths m gelatine 
On account of its ability to render gelatine and 
glue permanently insoluble, formaldehyde is 
used in the textile and paper industries for the 
waterproofing of fabrics and the fixing of glues 
and sizes, also in photography An important 
application of formaldehyde in the textile in 
dustiy is for increasing the fastness of dyes 
towards washing Its hardening effect on pro 
terns is utilised in the tanning of leather and 
treatment of silk Viscose silk fibres were at 
one time hardened and thus strengthened by 
means of formaldehyde (Sthenosising) 

H M S 

" FORMALIN " {v Vol IV, 26c) 

FORMALS (t> Vol I, 34a) 

FORM AM IDE, HCO NH 2 , is obtained by 
the action of ammoma or urea and/or heat on 
ammonium formate or by the action of ammoma 
on formic alkyl esters (B P 476942) It is also 
formed by the interaction of carbon monoxide 
and ammoma in ultra violet light, in an electnc 
discharge, or even in presence of an alkali 
alkoxide (U S P 1787483) Laboratory pre 
parations of formamide have been reviewed by 
MagUl (Ind Eng Chem 1934, 26, 611) 
Formamide is a hygroscopic liquid, m p +4®, 
b p 105-106710 mm It may be dehydrated to 
hydrocyanic acid and readily hydrolysed by 
alkali into formates and ammonia Replace 
ment of the anudo hydrogen atoms may be 
effected to give simple metalho derivatives, but 
direct action of alkah metals affords derivatives 
of difonnamide (HCO) 2 NH (Rakshit, JCS, 
1913, 103, 1557) 

Formamide has been examined as a fertiliser 
(Rehhng and Taylor, J Amer Soc Agron 1937, 
29 134) and compares favourably with am 
moiuum salts and urea (Brown and Reid, Soil 
Sci 1937,43,341) 

FORMAMIDINE, NHCHNH,, is ob 
tamed from the hydrochloride of formimide or 
from dichloromethylformamidine by treating 
with absolute alcohol (Gautier, Ann Chim Phys 
1869, [iv], 17, 133), or by the action of ammonia 
on formimino ethers Only salts of formamidine 
are known, e g the hydrochloride, CH 4 N,,HC1, 
m p 81°, as the free base decomposes into its 
formates and ammonia when liberated from its 
salts The salts themselves decompose on slight 
heating, e g formamidine hydrochloride yields 
hydrocyanic acid and ammonium chloride above 
100 °. 

"FORMAMINE" {v Vol I, 326a) 

" FORMAN ” A name appbed to cblorometbyl 
menthyl ether, C 10 H, t O CH t CI, formed by the 
action of formaldehyde on menthol in the 
presence of hydrogen chlonde A colourless 
fuming oil, b p 160-162716 mm (Wedeland, 
Ber, 1901, 34, 813) Employed in medicine in 
catarrhous affections of the air passages 
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FORMAN I LID E, HCO-NH-C e H s , m.p. 
46’, is obtained by heating aniline with formic 
acid or esters thereof (Hartogs, Hollemann and 
van der Linden, Ber. 1911, 44, 715), with oxalic 
acid, etc. The imino hydrogen atom is replace- 
able by sodium, mercury and other metals 
(Comstock, ibid. 1S90, 23, 2274). Halogenation 
with alkali hypohalogenite gives N-halogeno- 
formanilides, but nuclear halogeno-, nitro- and 
other substitution products may be obtained by 
direct substitution. Formanilide is converted 
by hydrochloric acid at 100' into N:N '-diphenyl - 
formamidine, a compound used in the prepara- 
tion of cvanine dyestuffs such as Astraphloxine. 

FORMIC ACID, (H-COOH), was dis- 
covered in 1760 by Rev, who obtained it by 
distilling red ants with water. It occurs in 
stinging nettles, in many fluids of animal origin 
such as sweat, urine and muscular plasma, and 
among the products of the bacterial oxidation 
of polyhydric alcohols and of carbohydrates. 
It is formed in the dry distillation of starch, 
sugar, gum, tartaric and oxalic acids, etc. It 
may be prepared by dissolving acetylene in 
fuming sulphuric acid, diluting with water, and 
boiling with baryta, the soluble barium formate 
remains in solution. It is best made in the 
laboratory by heating a mixture of crystallised 
oxalic acid with anhydrous glycerol (or other 
polyhydric alcohol of high boil'ing-point). The 
reaction begins at about SO’ and carbon dioxide 
is evolved- The temperature is maintained at 
105-110’ until the gas evolution slackens, when 
a fresh quantity of oxalic acid is added and the 
process repeated. 

The interpretation of the reaction usually 
accepted is as follows : The oxalic acid decom- 
poses into water, carbon dioxide and formic acid 
which reacts with the glycerol, forming mono- 
formin (HCO-OC,H s (OH),) ; on addition of 
more crystallised oxalic acid, the water of 
crystallisation hydrolyses the monoformin to 
glycerol and formic acid, which distils over. 
Monoformin is thus continually formed and 
hydrolysed with the eventual production of 
formic acid of from 87-88% strength (Lorin, 
Bull. Soc. chim. 1866, [ii], 5, 7 ; 1873, [if], 20, 
241; 1875, [ii], 24, 22, 436). 

According to Chattaway ( J.C.S., 1914,105, 151; 
1915, 107, 407), glyceryl oxalate and glyceryl 
acid oxalate are the first’ products of the 
reaction. The latter is unstable at a slightly 
higher temperature and decomposes, giving 
carbon dioxide and monoformin. The further 
addition of oxalic acid displaces formic add 
from the monoformin. 

Formic add is now made industrially by direct 
synthesis from steam and carbon monoxide with 
the aid of a suitable catalyst. The types of 
catalyst which may be used are as follows : 

(1) Free halogens ox hydrogen halides with a 

carrier such as activated charcoal. 

(2) Halides, especially iodides, of many bi- 

valent metals. 

(3) Non-volatile addic oxides or the add salts 

of these with the alkalin e earth metals. 

The reaction is usually carved out at tempera- 
tures of the order of 200-300’C., but the pres- 
sures employed ’vary within wide limits up 


to as much as 2,000 atm. For details of the 
process, see E. I. Du Pont de Nemours & Co., 
B.P. 406344, 406345 ; U.S.P. 1949825, 2001659, 
2023003; Fawcett, Gibson and I.C.I., Ltd., 
B.P. 447492 ; Dreyfus, U.S.P. 2028764, 2028765 
see also A. L. Andrikides, Dissertation, Leipzig 
1931. = 

Formic add is also obtainable by the hydro- 
generation of carbon dioxide in the presence of an 
amine and a catalyst. “Raney nickel,” at80’C., 
or sheet brass, at 250’C., may be used. Below 
100’C. the reaction results in the amine salt, 
above this temperature the amide is formed. 
(Farlow and Adkins, J. Amer. Chem. Soc. 1935, 
57, 2222). Formic esters, which have recently 
become available by synthetic methods (r. 
infra), are a further potential source of the acid. 

Until recently the formates (v. infra) were the 
starting point for the manufacture of formic 
acid. It may be obtained from these by treat- 
ment with mineral acids under suitable con- 
ditions. Thus, sulphuric add may be used if 
the formic acid is continuously removed by 
entrainment in the vapour of some volatile 
hydrocarbon (Schering-Kahlbaum A.-G., GJP. 
583764) ; see also Chem. Zentr. 1912, 1, 1266 ; H, 
163. Alternatively, formates may be treated in 
vacuo -with acids or acid salts (Hempel, B.P. 3428, 
1908) or distilled with nitric acid (B. Koepp Sc 
Co., Oestrich, Rheingau, G.P. 2SS266 ; Gewerk- 
schaft Victor, G.P. 592054 ; 602999; 607379; 
Amer. Chem. Abstr. 1934, 28, 2728; 1935, 29, 
S18, 1835). By heating in a still 1 part of 
sodium formate with 2 parts of sodium hydrogen 
sulphate or other acid salt, add from 97 to 9S% 
is obtained (Chem. Fabr. Grunau Landshoff and 
Meyer A.-G., B.P. 14438, 1906). A concentrated 
acid is also obtained by treating alkali formates 
in solution in concentrated formic acid with dry 
hydrogen chloride, adding more formate to take 
up the excess of hydrochloric add, and distilling 
(R. Koepp Sc Co., Chem. Fabr. A.-G., B.P. 
414312). 

Aqueous formic acid may be concentrated by 
distillation in the presence of a high boiling 
organic base which gives acid or neutral formates. 
W ater first distils, followed by formic add. The 
efficiency of the process is enhanced by adding 
also a hydrocarbon such as toluene or xylene to 
the mix ture distilled (azeotropic distillation) 
(Luscher and Lonza A.-G., G.P. 614860; R. 
Koepp, F.P. 778930; U.S.P. 2034332). An 
almost anhy drous add is obtained by the 
following procedure. A mixture of technical, 
85% formic add (1 part) with phthaiic anhydride 
(3 parts) is heated to the boiling-point and the 
exothermic reaction allowed to subside. It is 
heated for a further 2 hours, then allowed to 
stand overnight and the concentrated acid dis- 
tilled off. Yields of 75-100% are obtained of an 
acid of freezing point 8-05’C.; 1-2198 

(Pryanishnikov and Shakhova, J. Gen. Chem. 
(U.S.S.R.), 1932, 2, 821; Amer. Chem. Abs. 
1933, 27, 2672 ; see also B.P. 308731). A some- 
what similar process has been described by 
Ritter (Inch Eng. Chem. 1935, 27, 1224). 

Anhydrous formic acid is obtainable by the 
classical method of gently heating lead formate 
with sulphuretted hydrogen. It may also be 
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prepared by heating the dehydrated sodium salt 
with anhydrous oxalic acid, by distilling the 
ordinary acid at reduced pressure over anhydrous 
copper sulphate (Parker, J Amer Chem Soc 
1911, 46, 236) or phosphoric oxide (Jones, 
J 8 C I 1919, 38, 362T), or by the method of 
fractional freezing (Ewans, J C 3 1914, 105, 352), 
It is a colourless, slightly fuming liquid with a 
penetrating odour, and is intensely corrosive 
It has b p (corrected) 100 5° , 60°/I20 mm , 
m p 8 4° , dj® -1 226, d;° =1 220 , n’ 8 =1 3714 , 
k—2 4 X 10 4 at 26° The vapour pressure of 
the pure acid is at 10®, 19 88 mm , and at 20°, 
33 54 mm (Collidge, J Amer Chem Soc 1928, 
50 2166) The heat of combustion, C p (hq ) is 
61 7 kg cal , Cp (vap ), 69 4 kg cal It is 
miscible in all proportions with water, alcohol 
and ether The specific gravity of its aqueous 
solution is given m the following table (Richard 
son and Allaire, Amer Chem J 1897, 19, 150). 


50 


1 0247 
1 0489 
10730 
10964 
1 1208 


60 

70 

80 

90 


1 1425 
1 1656 
1 1861 
12045 


The vapour of formic acid bums with a blue 
flame 

Formic acid is readily decomposed catalytically 
according to one or more of the following 
equations 

(1) H COOH=CO s +H 2 , 

(2) HCOOH=CO+H t O, 

(3) 2H COOH = H CHO+COj+HjO 
By leading the vapour over the following heated 
substances it is decomposed in accordance with 
equation (I) at varying rates palladium, plati 
num, copper, nickel, cadmium and oxides of zinc 
and tin Palladium sponge and platmum sponge 
bring about total decomposition at 246° and 215° 
respectively Titanium dioxide and the blue 
oxide of tungsten favour decomposition accord 
ing to equation (2) Powdered pumice, magnesia 
and wood charcoal behave similarly. With silica, 
zircoma, alumina and uranium dioxide some 
formaldehyde is formed in addition to carbon 
monoxide and water and with thoria all three 
reactions are possible (Sabatier and Mailhe, 
Compt rend 1911, 152, 1212) By passing the 
vapour of formic acid over alumina at 287° a gas 
containing 92% of carbon monoxide may be 
obtained (Uestcott and Engelder, J Physical 
Chem 1926 30, 476) More recently Graeber 
and Cryder (Ind Eng Chem 1935, 27, 828), m a 
comprehensive study of the catalytic production 
of carbon monoxide from formic acid, obtained 
93% yields of the gas using a thona upon silica 

' catalyst at 300°C The same reaction is said 
be catalysed by selemc acid (Dohque, Bull 
*• chim 1935, [v] 2 1489) Carbon monoxide 
is also obtained when formic acid is treated with { 
cold concentrated sulphuric acid If excess of 
formic acid is employed, evolution of the gas 
proceeds indefinitely, but at a constantly de 
creasing rate owing to the diluent action of the 
water formed m the reaction (Schierz and Ward, 


J Amer Chem Soc 1928, 50, 3240, DeRight, 
ibid 1933 55 4761) 

The photochemical decomposition of the acid 
is been studied by Gorin and Taylor (t6id 
1934, 56, 2042) , 

Detection and Estimation — Formic acid may 
be detected by the following reactions With 
concentrated sulphuric acid, formic acid and the 
formates evolve carbon monoxide m the cold 
With feme chloride, neutral formate solutions 
give a red colour and on boiling a brown preci 
pitate of basic feme formate is thrown down 
Formic acid and formate solutions reduce silver 
nitrate to silver Similarly mercuric chlonde 
is reduced to mercurous chlonde, and, if excess 
of formio acid or formate be present, to inetalhe 
mercury If a solution containing the free acid 
is digested with magnesium, formaldehyde is 
produced (Fincke, Biochem Z 1913, 61, 258) 
When formic acid is warmed with aqueous 
sodium bisulphite a green to blue colour is 
developed adding sodium mtroprusside (Co 
manducci, Chem Zentr 1919, II, 226) For 
identification in the presence of hydrochloric 
acid by heating with chromic acid mixture, see 
Sulzer Z angew Chem 1912, 25, 1273 
Formic acid may be estimated by the method 
of Jones (J Amer Chem Soc 1895, 17, 639) 
The solution is made alk&lme with sodium car 
bonate, warmed, and an excess of standard 
permanganate added The solution is acidified 
and a measured volume of standard oxalic acid 
solution is run in, until the precipitate of man 
ganese hydroxide has dissolved and the per 
manganate disappeared The excess of oxalic 
acid is back titrated with permanganate (see also 
Rupp, Z anal Chem 1906, 45, 687 , Grossmann 
and Aufreobt, Ber 1900, 89, 2455) Other 
methods depend upon the reduotion of mercuno 
to mercurous chlonde (Riesser, Z physiol 
Chem 1915 96, 355, Biochem Z 1923, 142 
280), the titration of the acid with standard 
alkali or the decomposition of the acid in the 
carbonic acid apparatus with oxidising agents 
(Rupp, Arch Pharm 1905,243,69, Wiehe and 
Jacobs, Ind Eng Chem (Anal ], 1936, 8, 44) 
It may be estimated in the presence of acetic 
acid by the method of Staimer and Massart 
(Amer Chem Abs 1936, 80, 5906) The acids 
are heated with potassium lodate solution and 
after neutralisation with calcium carbonate the 
liberated iodine is titrated with standard thio 
sulphate solution For its estimation m the 
presence of lactic acid, see Jamet {ibid 1935, 29, 
7870), and of various other substances, see 
Fincke (Biochem Z 1913, 60, 253, Analyst, 
1913, 88, 378) 

Formic acid is a strong reducing agent, a 
powerful antiseptic and has been used as a food 
preservative (Vi oodman and Burrell Tech 
Quart 1908, 21,1 , this voL p 305) For its use 
as a solvent for organic and inorganic substances, 
see Aschan (Chem Ztg 1913, 37, 1117) It is 
used m dyeing as an assistant or reducing agent 
with potassium dichromate mordant and also in 
djeing woollen goods or unions with acid dye 
stuffs (Kapff, JSCI 1905, 24 129, Mettner, 
ibid 434, and Pushy, ibid 1907,26 467) 

Salts — Industrial methods for the prepara- 
tion of the formates are based upon three 
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reactions : (1) The interaction of carbon mon- 
oxide and metallic oxides. In this method 
carbon monoxide under pressure is passed over 
metallic oxides, basic minerals or alkali 
hydroxides, or into aqueous suspensions of 
alkaline earth hydroxides. The conditions vary 
slightly in the different processes ; alkali 
formates, potassium ferrocyanide and the 
chlorides of palladium and platinum have been 
used as promoters (B.P. 4471, 190S; 13953, 
1907; F-P. 3S2001, 389065; U.S.P. 875055; 
G.P. 179515 ; J.S.CJ. 190S, 27, 420, 769, 89S ; 
Koepp & Co., G.P. 209417, 590635, 602744; 
BJ?. 415871 ; Chem. Zentr. 1909, I, 1785 ; 
Amer. Chem. Abstr. 1934, 28, 30S1 ; 1935, 29, 
818 ; LG. Farbenind. A.-G., B.P. 413240 ; F.P. 
794100; Amer. Chem. Abstr. 1936, 30, 4514; 
Chem. Fabr. Kalk. G.m.b.H. and Oehme, G.P. 
622149 ; Amer. Chem. Abstr. 1936, 30, 1393). 

(2) The hydrolysis of the cyanides of the alkaline 
earth metals. These, on treatment with water 
vapour under pressure at temperatures below 
300°, yield ammonia and a formate (Badisehe 
Amlin- u. Soda-Fabrik, F.P. 372714; J.S.CJ. 
1907, 26, 967). The interaction of a solution of 
potassium ferrocyanide with caustic potash ac- 
cording to the following equation has also been 
patented (Haakh, G-P. 281044). 

K 4 Fe(CN) 6 -r14H,0=» 

4HC0 2 K-f-2HC0 2 NH 4 -f4NH 3 -bFe(0H) 2 

(3) The reduction of carbonic acid or its salts 
with hydrogen. Rogatien (BfP. 12604, 1893; 
J.S.CJ. 1893, 12, 864) obtained ammonium 
formate and bicarbonate by passing moist 
nitrogen, hydrogen and carbon dioxide over 
slightly heated pumice or other absorbent bodies. 
A 100% yield of calcium formate may be 
obtained from calcium carbonate if the latter is 
heated with hydrogen under 50 atm. pressure 
and carbon dioxide (20 atm.) at 70° in the 
presence of spongy palladium for 4-J hours 
(Bredig and Carter, Ber. 1914, 47, 541). The 
bicarbonates of the alkali metals and of am- 
monia may be reduced in aqueous solution with 
hydrogen under pressure in the presence of a 
suitable catalyst, such as palladium black (B.P. 
801, 1915 ; 9762, 1915), nickel upon coke (Leroux, 
U.S.P. 1995211). 

Decomposition of the Formates . — The formates 
of the alka li metals when heated alone in absence 
of air to 400° decompose, giving mainly hydrogen 
and oxalic acid; at lower temperatures car- 
bonates are chiefly formed. Alkaline earth 
formates give only carbonates. Under certain 
conditions some formaldehyde may be formed 
in the reaction (Hofmann and Schumpelt, Ber. 
1916, 49, 303). The pyrolysis of mixtures of 
Eodium. formate and sodium hydroxide has 
been studied by Balandin and Freldlin (J. Gen. 
Chem. Russ. 1936, 6, 86S). With mixtures 
containing one equivalent or more of hy- 
droxide to one of formate, the reaction begins 
at 210°C. and proceeds smoothly at 250°C. ; 
hvdrogen is evolved and sodium carbonate pro- 
duced. With mixtures containing alkali in lower 
ratio, sodium oxalate is formed, but not below 
270°C. Industrial methods for the production 
of oxalates from formates depend upon the 
latter reaction (Koepp & Co., F.P. 759253; 


Enderli and Schrodt, U.S.P. 2033097; Amer. 
Chem. Abstr. 1936, 30, 2580). 

Potassium formate, (HCO„K), and sodium 
formate, (HCO a Na), are readily soluble deli- 
quescent salts which, according to Bineau, 
form add salts on solution in hot concentrated 
formic acid. Calcium formate, ( H C0 2 ) 2 Ca, and 
barium formate, (HCO„) 2 Ba, crystallise in 
rhombic prisms, readily soluble in water, in- 
soluble in aleohoL Lead formate, (HC0 2 )„Pb, 
is less soluble in water than other formates, 1 
part dissolving in 63 parts of water at 16°, and is 
insoluble in alcohol; on warming the solution 
with lead oxide there is formed a series of basic 
formates, which have an alkaline reaction and 
crystallise in needles. Copper formate, 
(HC0 2 ) 2 Cu,4H 2 0, 

crystallises in light blue monoclinic prisms and 
forms basic salts (J.C.S. 1915, 107, 1281). 
Silver and mercurous formates decompose even in 
the dark; the latter deflagrates when heated 
and decomposes on percussion. Chromous 
formate, Cr(HC0 2 ) 2 ,2H 2 0, forms red cubes 
(Traube and Goodson, Ber. 1916, 49, 1679). 

Formic esters. — These are now obtained, 
in a manner analogous to that used for 
the direct synthesis of formic acid and the 
formates, by the interaction of anhydrous 
alcohols with carbon monoxide under pressure. 
Thus when methyl alcohol containing sodium 
methoxide is heated to 60-65°C. with carbon 
monoxide under 50 atm. pressure for 2 hours 
and the temperature then allowed to fall, 
methyl formate is obtained in circ. 60% yield 
(Ges. fur Kohlentechnik, G.P. 588763 ; 591581 ; 
595307; Amer. Chem. Abstr. 1934, 28, 2014; 
also Chr. Ammon, F.P. 776616; Amer. Chem. 
Abstr. 1935, 29, 3690). A recent method of 
preparation of the formic esters of some higher 
aliphatic alcohols consists in treating the lighter 
fractions obtained in the “ cracking ” of 
petroleum oils with formic acid containing a little 
sulphuric acid. Slow addition of formic acid to 
the olefins occurs, with the eventual production 
of secondary and tertiary amyl and hexyl 
formates (Sucharda and Hazonski, Przemysl 
Chem. 1933, 17, 41 ; Amer. Chem. Abstr. 1933, 
27, 5954). 

Methyl formate boils at 30-4°/712 mm. ; sp.gr. 
0-9928. It can be made by the method described 
above or by passing the vapour of methyl 
alcohol over a dehydrogenating catalyst such as 
copper at 150-250° (Compagnie de Bethune, F.P. 
673337). It can also be prepared by acting on 
dry sodium formate with a mixture of methyl 
alcohol and aqueous hydrochloric acid, or by 
diaesting methyl alcohol with concentrated 
formic acid. 

Ethyl formate, b.p. 50-4°, sp.gr. 0-9445, con 
be made by heating a mixture of 6 parts of 
alcohol (90%), 7 parts of sodium formate and 
10 parts of concentrated sulphuric acid. Other 
esters have the properties given below. Propyl, 

b.p. 81°, 0-9058; aUyl, b.p. 83°, d T 0 7 0-932; 

n-amyl, b.p. 130°, 0-9018; benzyl, b.p. 

203°/747 mm. ; 1-OSl. p-bromphtnacyl (Hurd 
and Christ, J. Amer. Chem. Soc. 1935, 57, 2007). 
m.p. 140°. 
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“ FORMICIN ” Hydroxymethylacetamide, 
CH, CO NH CH s OH, 

" FORMIDIN " Methylene disalicyhc iodide, 

c 15 h 10 o 2 i b 

•‘FORMIN’’ (u Vol I, 326a) 

F O R M I N S . The term formin is given to I 
an ester formed by the condensation of a poly 
hydnc alcohol with formic acid although its 
use is commonly restricted to derivatives o F 
tnhydroxy alcohols 

I Formihs of Dihydroxy Alcohols 

(a) Ethylene Glycol Monoformin, 
HOCH 2 CHjO OCH, prepared from ethy 
lene glycol and 95% formic acid (M H Palomaa, 
Chem Zentr 1913, II, 1956) It is obtained 
■when ethylene diformm is boded with an excess 
of anhydrous ethyl alcohol for 8 hours (Henry 
and Dewael, Chem Zentr 1902, II, 928) It 
may also be obtained together with ethylene 
diformm by boiling ethylene glycol with 75-80% 
formic acid (Hennmger, Ber 1874, 7, 263) 
The monoformm which hydrolyses in water, has 
been formed in anhydrous medium by using 
formamide acid sulphate 
ROH+HCONH. H jS0 4 

=.HC00R+(NH 4 )HS0 4 
(P Magill, Ind Eng Chem 1934, 26, 611) 
It is a liquid b p 179-180 5°/766 mm , 
d™ 1 1989 (Palomaa, l e ) Its velocity of esteri 
fication in formic acid under certain conditions 
has been determined (A Kadan and G Brunner, 
Monatsh 1929,51,334) 

(b) Ethylene Glycol diformm, 

HCO OCH„ CHjO OCH, 
is prepared by boilrng ethylene glycol with 
75-80% formic acid and treating the mixture 
of mono and di formina, so obtained, with 
anhydrous formic acid (Hennmger, Ber 1874, 
7, 263) It is also produced from ethylene 
glycol and an excess of formic acetic anhydride 
(a molecular mixture of acetic anhydride and 
formic acid) (Blhal, Ann Chim Phys 1900, 
[vu], 20, 424) It has been obtained together 
with other products from oxalic acid and 
ethylene glycol (Lonn, Bull Soc chim 1874, 
[u], 22, 104) It is a liquid, b p 174° (Hennmger, 
l e ), 88-89°/25 mm , d° 1 193 (B4hal, Ic) 

(e) Pina cone Monoformm, 

HCO OCMejCMe, OH, 
is prepared from formic acetic anhydride and 
pmacone (Bdhal, l c , b p about 90°/20 mm ) 

’ II Formiys of Trutttroxy Alcohols 
A Glycerol Form tvs 
In general the esterification of glycerol with 
nrmic acid gives mainly diformms and the acid 
, to act more easily on the secondary 
lcohohc group since 1 2 di and 2 mono 
fonnias are the esters 'which predominate 
(a) Glycerol ilonoformtns, HCO OC 3 H s (OH) t 
A mixture of the monoformms is produced 
in the preparation of formic acid by heating 
glycerol with oxalic acid at 190“ (Tollens and 
Hennmger, Bull Soc chim I860, [uj, 11, 395, 


and is extracted from the mixed product by 
means of ether 

( 1 ) c Glyceryl formate synthesised from a 
chlorohydrin and sodium formate contains 87% 
ester, and is unstable, decomposing at 150“ in 
vacuo, or suddenly below 220° yielding only 4% 
allyl alcohol (Delaby and Dubois, Bull Soc 
chim 1930, [iv], 47, 665) 

(u) fi Glyceryl formate — A monoformm is 
obtained as intermediate in the formic acid 
method for the preparation of allyl alcohol 
(Orgamc Syntheses, 1921, 1, 15, and 1926, 6, 
103) It has the following properties b p 
164-7°/10 mm, d 0 " 1 3052, n 1 ™ 14614, 

I gm mol of fi formate decomposes smoothly 
at 235° to yield oxides of carbon 22 4 1 , Hj, 
and saturated hydrocarbons, and 57% allyl 
alcohol partly as allyl formate Since the a 
ester produces only 4% allyl alcohol, it is 
assumed that this esterification product must 
consist mainly of the /? ester (R Delaby and 
P Dubois, Compt rend 1928, 187, 949) 

(6) Glycerol Diformtns (HCO 0) 2 C a H s OH 

A diformin is obtained by heating oxalic acid 
with glycerol at 140°, extracting with ether and 
distilling under reduced pressure, b p 
163-I66°/20 30 mm , d “ 1 304 (van Romburgh, 
(Compt rend 1881, 93, 847) It is insoluble in 
carbon disulphide and decomposed by water 
with the formation of glycerol and formic acid 

In the formic acid method for the preparation 
of allyl alcohol (Organic Syntheses, 1921, 1, 16, 
1926, 6, 103) a diformm may be isolated as inter 
mediate product, b p, 5 148-9° 15 mm ,dj| 1 3209, 

4 I 4492 (Dalaby and Dulong, Compt rend 
1928, 187, 768 

Glyceryl diformate, b p 158-160°/18 mm , 
may be obtained in very good yield from 
glycerol, 80% formic acid and toluene — an 
azeotropic mixture (hi A Wahl, Bull Soc chim 
1925, [iv) 37, 713) 

These diformates obtained by esterification 
probably contain a preponderance of the aj 5 
ester (R Delaby and P Dubois, Compt rend 
1928, 187. 949) 

(l) ay Glyceryl diformate has been eyn 
thesised from 1 3 dichlorohydnn, b p 144-f]"/ 

II mm , 1 3218, I 4480 It is very 

hygroscopic, soluble in alcohol, acetone, slightly 
soluble in ether, insoluble in benzene (Delaby 
and Dubois, Compt rend 1928, 187, 767) 

(u) afl Glyceryl diformate has also been 
synthesised from 1 2 dibromohydnn, b p 
161-3717 mm , d° 1 3252, d” 1 3214, n” 
1-4503 It has similar solubility characteristics 
to the ay compound (Delaby and Dubois, %bid ) 

The ay- and aj9 diformates yield 44 8 I 
oxides of carbon and 43 and 46 g per gm mol 
respectively of allyl alcohol at 255-310° The 
velocity of esterification has been determined 
(A Kailan and C Brunner, Monatsh 1929, 51, 
334) 

(c) Glycerol trlformin, (HCO 0) 3 C 3 H., 
is prepared by repeatedly heating glycerol with 
100% formic acid the excess acid being distilled 
off each time until a rich tnformin mixture is 
obtained The viseou4 product is cooled in 
liquid ammonia when the tnformin crystallises 
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oat. Pare triformiii is colourless ; m.p. IS®, 
b.p. 2657762 mm. ; rlf=l-4412. It is hydro- 
lysed slowly t>y cold, readily by hot water 
(van Eomb’nrgh, Z. phvsikal/ Chem. 1910, 70. 
4-59). 

B. Cy-DmETHXLGLTCSEOL FOBHESS. 

(u) A mixture of mono- and di-forming mar 
be prepared by refl uxin g dimethylglycerol for 
6 hoars at 150-170® with excess 96% formic 
add and distilling the product in vacuum, the 
fraction b.p. 1-51-3—153-5719 mm. consists 
mainly of the diformate. When the rn i -r f n rp is 
heated to 200® decomposition ensues leaving 
the iriformin. 

(o) cy-Dimethylglycero! iriformin has m.p. 
So - , b.p. 130— 134®/15 mm. (Delahy and Morel, 
BnH. Soc. chim. 1926, [iv], 39, 416). 

C. c-Msihxx. 7 -Eteyl Gltcbboi, Fo sarc rs. 

(c) A Mixture, of Forming has been isolated 

by heating meihylethylglyeerol vrith formic add. 
On heating the product to 200® ethyl propylene 
carhinol is obtained together -with a non- 
volatile residue of the iriformin, m.p. 94-5® 
(Delahy and Morel, l.c.). 

D. Ethtxgltcbbol Foemvs. 

(a) Mono- end Di-Forming are formed 
mixed vrith unchanged ethylglycerol when ethyl- 
glycerol is boiled with 2-5 times its weight of 
crystalline formic add for 6 hoars and distilled, 
the fraction b.p. 150-2®/15 mm. corresponds to 
a diformin. At 270® it gives water, formic add 
and c-ethylvinyl-carhinol (b.p. 114-116®) and 
A&penten-c-ol (b.p. 139-140®, a\ 0-864, df 
0-S55, n% 1-4373). 

(h) The residue from the above distillation 
solidifies at-60— 61® and is the iriformin derivative 
(Delaby, Compt. rend. 1923, 176, 1S9S). 

TTT. Mec kt .t. ■ v sors Fqf.itvs. 

(a) Erythritol Tetraformin, 

C 4 H s (OOCH) t , 

prepared by boiling 1 part of erythritol first with 
18 parts of formic add of sp. gr. 1-18 and then 
with 10 parts of crysta llin e formic add. Distil- 
ling off the excess add, heating the residue to 
200® and extracting vrith absolute alcoboL 
The solvent is evaporated off and the residue 
remystallised from alcohol in colourless needles, 
m.o. 150® (Henninner, Compt. rend. 1SS4, 98, 
14§). 

(b) Dipentaerythritol Hexaformin, 

0[CH,-C(CH : 0-0CH)J;, 

prepared by refluxing dipentaerythritol in cone, 
formic add and fuming off twice vrith formic 
add at 120®. It- is a yellow solid, m.p. 56® 
(W. Friederich and W. Brun, Bex. 1930, 63 [Bj. 
26S1). 

(c) Cellulose Formins are readily obtained 
by heating cellulose vrith anhydrous formic add 
in presence of a catalyst (e.g. ZnCI.)- The sol- 
vents which dissolve these esters, such as 


pyridine and formic add, are, however, highly 
in convenient in the manufacture of film- End 
fibres (B. 1931, 10S7). For further information, 
geg H. Mark, “Physik tend Chemie der Cellu- 
lose,” J. Sprenger, Berlin, 1932; J. T. Mareh 
and F. C. Wood, “ Chemistry of Cellulose,” 
Chapman and Hall, London, 193S. 

"FORJAOL" (r. Vol. IV, 26c). 

FORMOLITES. A term applied some- 
times to all formaldehyde resins but preferably 
restricted to those resins derived from hydro- 
carbons, e.g. in presence of sulphuric acid. Un- 
] saturated and aromatic hydrocarbons react in 
this way and products obtained by reaction of 
such constituents of lubricating and other oils 
serve both to refine the oils and provide plastics 
which may be moulded (B.P. 2S9920; G.P. 
509305). The nature of the formolite variesfrom 
that of a sticky oil in the case of cracked gaso- 
lines (Ormandy and Craven, J. Inst. Petroleum 
Tech., 1924, 10, 99) to coloured solid resins in- 
soluble in water such as those from naphthalene 
and anthracene (Serverin, Mon. du petrole 
Roum. 1911, 21, 22) and is strongly influenced 
by other factors such as the use of trioxy- 
methylene in place of form alin . The formolite 
reaction has been used in the quantitative deter- 
mination of reactive hydrocarbons in crude oils 
Xastukoff, J.C.S. 1904, 86, i, 242. 801 : Petro- 
leum, 1909, 4, 1335, 1911, 7, 239 ; j. Russ. Phys. 
Chem. Soc. 1915, 47, 46 ; -J. Ind. Chem. Russ. 
1925, 1, 23 ; cf. Hosek, Chem. Obzor. 1929, 4, 
67) and according to recent investigations 
(Nastukoff, Petroleum, 1926, 22, 1349 ; 1927, 
23, 1451) the determination of the so-called 
formolite number may be modified to afford a 
measure of asphaltic, light lubricating and other 
fractions of the oil in addition to an estimate of 
the total reactive hydrocarbons. 

FOR MO NONET IN r. jsoFlavosx (this 
VoL, p. 259c). 

FORMOSAN INE. The alkaloid of Ourou- 
pariu/or77ios!:naMats.(Eavmond-Hamet, Compt. 
rend. 1936, 203, 13S3). 

"FOPMOSUL,” "FOmOSUL G." (r. Vol. IV, 
14-Sc, 149c). 

" FORNrTRAL " is the name given to the di- 
formate of nitron (l:4-diphenyI-3:5-endo- 
anflodihydrotriazole) — 

N C- 

[ \ 

NPh^NPh 

! / 

NPh-CH- 

usuallv obtained in the form of flat needle 
crystals, m.p. 12S®. Solubility in water 17%, 
and the solution is stable w hils t that of nitron 
deteriorates. It may be vised for the detection 
and estimation of nitric add although it has not 
replaced nitron for this purpose. Of the more 
insoluble salts of fomitral may be mentioned: 
perchlorate (soL 1:50,000), nitrate (1:60,000 
It 15® and 1:80,000 at 0®), while the picrate is 
even less soluble. 

1 c.c. of water containing 0-0075 mg., HNO a . 
gives a ppt. after 5 hours vrith 5-6 drops of 
a 10% solution of fomitral (Ann. Chim. Analyt. 
1921, [hi, 3, 207 ; Analyst, 1921, 46, 3S5). 



328 


‘'FORTOIN” 


“ FORTOIN.” A synonym for Methylene- 
dicolom 

CH 1 (C 14 H, 1 O t ) I , 

formed by the action, of formaldehyde on cotom 
Used in the treatment of diarrhcea 

FORSTER ITE. Mineral form of mag 
nesium orthosilicate, Mg,SiO t 
"FOUADIN" (v Vol I, 439a) 

FOULING OF SHIPS' HULLS (v Vol 
III, 3836) 

"FOURNEAU 189" (e Vol 1,4896) 

•' FOURNEAU 270, 417 " (» Vol I, 489 d) 
FOWLER’S SOLUTION, syn Liquor 
Arsenicalis, BP A solution of potassium salts 
of arsemous acid used in medicine It is con- 
veniently prepared by neutralising with hydro 
chloric acid a solution of potassium meta 
arsemte m water (Rosenthaler, Scientia Pharm 
1935, 6, 41). Official preparation B P 1932, 162 
Morton (Quart J Pharm 1933, 6, 1) concludes 
from conductivity measurements that the solu 
tion is one of arsemous oxide in potassium meta- 
arsenite 

FOXBERRY. The fruit of Vacctmum 
vilis ultca It is also known as the mountain 
cranberry or cowberry, and grows wild in 
central Europe, northern USA and Canada 
The fruit resembles the common cranberry but 
Is smaller 

Ystgaard (Tids Norske Landw 1902, 9, 126) 
records the analysis of the whole fruit as 


Total 


Cltnc 


Solids 

Protein 

acid 

acid 

16 48 

0 26 

1 92 

0 64 

Jiallc 

acid 

Sugars 

Pentosans 

Fibre 

0 31 

64 

0 69 

1 88 


Hotter (Z landw Versuchsw 1906, 9, 747) 
quotes figures of a similar order and also reports 
the sugars as glucose 3 0-4 G, fructose 4 0-6 8, 
sucrose 0 4-0 8 

Analysis of foxberry juice by Windisch and 
Schmidt (Z Unters Nahr Genussm 1909, 17, 
684) shows total solids 1 1 28, protein 0 12, 
acids (as citric) 1 92, invert sugar 6 47, sucrose 
0 48, tannin 0 19, ash 0 32% 

The composition of the seeds of the foxberry 
is — 


Water rroteln 


6 97 


% 


N free 
extract 

4- fibre Ash 


30 12 


The seeds yield a drying oil having the follow 
ing characteristics <f, s 0 9301, n„ I 4763, 
saponification value 190 1, iodine value 169 2, 
Reichert Meissl value 0 55, Polenske value 0 30, 
acid value 1 94, Hehner value 95 7, bromides 
(hnolic and hnolenio acids) 22 8% (Diednchs, 
Z Unters Nahr Genussm 1912, 24, 676) 

In addition to citnc and maho acids the 
bemes contain small proportions of glyoxylic, 
isovaleric and benzoic acids The presence of 
glucoside, vaccimm, C.HutC^HjCOJO,, is 
also recorded by Gnebel (iJid 1910, 19, 241) 

A G Po 

FR AGAR I AN IN. A tannin contained in 
strawberry root, it yields on hydrolj sis glucose 
and fragann (Phipson. Chem Aews, 1878, 38, 


FRAGAROL. This name is to day given 
to f! naphthyl tsobutyl ether which has an 
odour somewhat resembling strawberries (genus 
Fragana) It is a crystalline body melting at 
32-34% and is used in traces in some types of 
Eau de Cologne and Nerob perfumes The 
name was originally applied to the ethyl ether, 
which is now known as Bromeha Both the 
ethyl and the methyl ethers of fl naphihol are 
known as “ Nerolin,” the former as Nerolrn 
Bromelia, and the latter as Nerolrn Yara Yara 
E J P 

FRANCKEITE. A complex sulphide ore 
of tin, Pb 5 FeSn s Sb a S 14 , containing, according 
to this formula, Sn 16 71% It consists of 
platy, tetragonal ciystals, with a perfect cleavage 
parallel to the surface of the folia, which are 
often aggregated in more or less pronounced 
radiating groups, sometimes forming spherules 
and remform masses It is iron black with a 
bnght metallic lustre, marks paper and is 
malleable, like graphite The mineral occurs 
in some quantity near Chocaya and in the 
Tnnacna mine at Poop6 in Bolivia, and is 
known locally as llicteria The above formula 
written m the form SPbSnSj+Pb.FeSbjS. 
brings out a relation between franckeite and 
the allied Bolivian minerals (ealhte (PbSnS s ) 
and cylmdrttc (3PbSnSj+SnFeSb 2 Sg) An 
alyses I and II by G T Prior, 1904 (II on less 
distinctly crystalline material with some mas 
sive). III by C Winkler, 1893 (also germanium 
about 0 1%, and gangue 0 71%) 

Pb 
Fe 
Zn 
Ag 
Sn 
Sb 


46 I 23 


II 


III 


48 02 60 67 

2 69 2 74 2 48 

0-57 — 1 22 

0 97 0 99 n d 

17 06 13 89 12 34 

11 66 13 06 10 61 

21 12 20 82 2104 


Sp gr 


99 62 


98 97 
6 66 
US 


FRANCOLITE (v Vol I, 449d) 
FRANGULA consists of the bark of 
Rhamnus frangula Linn (Pam Rhamnaceto), 
it contains the crystalline glycoside franguhn 
which yields on hydrolysis rhamnoso and 
frangulo emodm (16 8 tnhydroxy 3 methyl 
anthraquinone) Used as a mild purgative 
FRANGULIN v FbxnquiA 
FRANKINCENSE, olibaflum The gum 
resin is the dried exudated juice of several 
species of Boswelha 

FRANKLIN ITE. A member of the spinel 
group of minerals with the general formula 
R' O Rj"'0„ where R Fe, Zn, Mn, and 
R'"= Fe, Mn The actual composition is very 
variable, feme oxide always predominates 
(66-67%), zme oxide ranges from 6 to 23%, 
and manganese oxides (MnO, MnjO,) average 
16-20% The mineral occurs ss well developed 
crystals of octahedral habit, as rounded grains, 
and as granular masses It is black with a sub- 
metallic lustre, much resembling magnetite in 
appearance, but is readily distinguishable from 
this m being only slightly magnetic Spgr 
6 0-6 2 , hardness 6 
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FP.IEIjP.ICES' 


Althsorh kra^c only iron Ersrklir ± umsce 
l X ev Jersey (hence the rar° ). it is found there 



m ccnsmerac.e a 
_r* _ 


" FFJJIKGXIT ” r.ELis 
245c;. 

FRAXETIN, 


L. J. S. 
srs. Acnrz ( Yob I> . 



CO 


OH 


letnoxrcar 


22Y fvTesselv and co-— Seers. Per. 1922. 62 
[B], 120 ; IfcnstHm 1932. €0, 159} is the aglucore 

FRAXIN r. CorstiHnr Gt-xccsmss (To!- 
HL 4I3u). 

FRAXINELLONE (r. YoL HL 602c}. 

FRAXITANNIC ACID. A fg* r r n 
in the leaves of frcdr.K eroslrkv Th— . 

FREESTONE. Art indefinite term used by 
cusrtvmen for a rock wick admits of terns 
Seely waked in any direction for cse as s 
buffing stone. Snch a rock skews a uniformity 
or evenness of grain and no distinct tecding- 
- stratnied rt As may be readily sart when 
v cnarrfed. and vine koldfnu the quarry 

exposure to the atmosphere. Ifost rreestonffi 
are either limestones cr sandstones. In the 
Irfermr Oolite there are certain teas know to 


t,r. 



Lprer Oolites, are also veE-knowu colrirc 
meestcnes. The term freestone is also appris'd 

stones Gt the north-vest of England, ejg. the 
St. Bees sandstone. Uany of the Coal-measure 
sandstones admit cf being readily cat and 
tooled, and. b eing without ary marked tendency 
to split in definite directions, are vaicatie free- 
stones ; stem for instance, are the sandstones 
(T tf,? ^ s ^r* j T~ SH~V— ’ Edinburgh, and of Earley 
Dale in Berbvskme- 

L. J. S. 

FREEZING OR COOLING MlX- 
TURES. The tenmerattrre or a snostance 
mav he redo red by bringing rr in contact vitn 
o dasr substances at a lover tempera tore. Such 


coomrg is proancea cy 


mxxrrrrss ct! 



Trr’nb the rzesz eorzrzczifcr nsed. sre cry o r. yerst es. 

in the rent colnmn is of nsefal 

ss made mom 

Xemnerstnres cow to — ISTC. may be 
obtained by p assing liptrid nitrogen m to pentane 
contained ins Dewar vesseL light petrol e am. 
b.t>. 46°. is somewhat less satisfactory than 

A m ix tu re of 2 marts ether and I part alcohol 
t — be sh — tT-.-Iv cooled to temperatures down 


to —120“ without salidifcaiton, or liquid air 
may he poared directly into each a mixture 
provided great care is take- to revere cE jfc v&* 
/rev, fhe p~oxir-.Hu. 


L Aqueous Solutions. 



Grams ,-r.hy- j 
drous sal: n. 1 
ICO^ £. of | 

Cry cirydric 
Team. 

c c: 

Fb(NO,}. . . 

3.5-2 I 

-2-7 

MgSO i J2H.O . 

23-5 

-3-9 

BaCIj . . . 

90 i 

— 7-S 

MnSOj.TH.O . 

47-5 | 

-10-5 

NH 4 C! . . . 

22-3 ! 

— 15-S 

NH*NO- . . . 

70 1 

-17-3 

NsCI .... 

25-9 

—21-2 

MeC!..12H»0 . 

26 , 

-33-5 

CeCL.6H,<3 

42-5 1 

“55 

ZnCI.,^H.O . . 

104 • 

c.-62 


II. Mixtures with Solid Carbon Dioxide. 


r 

} 

Sutstarc*. 

i 

attaiaableT 

=0. 

Ethvlene dicblande . . { 

-60 

Absolute alcohol. . . . | 

—72 

Chloroform 

— 77 

Ethvi ether ‘ 

—77 

Ait.yI cucetztB . . . . t 

-75 

ITethyd chloride . . . . j 

-52 


liquid air or liquid oxygen may be poared 
into a copper test tube suspended in the refrigera- 
| tier hath, bat on no aceonnt should liqnid air 
i or Iiqaid oxygen come in direct contact with 
pentane (or the eotd valent petroleam fraction). 
Should Iiqaid air te used for cooling other highly 
inuammsble substances such as CS._ the use of 
the copper test tote referred to above is esser-iial 
id exolcsion risk is to be eliminated. 

FRE I B ERG ITE (r. YoL IY, 590c). 

FREMONTITE (r. YoL Z, 303 d). 

“ FRENCH CHALK ” (r. YoL T 162c). 

FRENCH POLISH. A solution of shellac 
in alcohol; occasionally cont ainin g gam elemi 
and copaL 

" FRENCH FOUDRZ (r. YoL IY, 5155). 

" FFSSOL ” r. Cnnosom (YoL HI, 420c). 

FREUND’S ACID (AZfeV [c-J end), 1- 
ns-hthvIamme-3:6^isaIphoaic acid, is obtamed 
tv' r ~ ‘ ra tta n imuktksIene-2:7-d£suIphonic add 
and redo dan the product with ammoniam sal- 
nkid° or Iron flints (Freund. GIB. 27346 ; <y. 
FriedEander and Taussig. Bern 1S97, 30, 1462) 
o~ bv to iliw l-nupktLyinmme-3:6:S-irisdlpkonic 
add" with due dost and alkali (G-P. 233934). 
Freand's add gfves 1- aad other iydrosy- 
I rmukthaIeue-3:6-disuIphouic adds wen heated 
I -^ithcaasticalkaiiandiscsedinthemanafactare 
j of aro-dTestuus. 

FRIEDRICHS’ EXTRACTOR (r. YoL 

1 IY, 5575). 
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FRITILLARIA, ALKALOIDS OF. 


FRlTlLLARfA, ALKALOIDS OF. 

Three different species of FntiUana have been 
investigated 

FntiUana * mpertalta L 

pnr fF terhciUata WiUd and its var 
TAPFl\ ttvriergn 

X A mi Jj, f0yUi HoqL 

FntiUana Imperial is An alkaloid 
tmpenahne, Ca*Hja0 4 N, was extracted from 
this plant by Fragner (Ber 1888, 21, 3284) 
Short needles, m p 254° (approx ) , [a] D —35 4° 
(m CHC1 S ) The alkaloid is said to be a heart 
poison and may be related to the older alkaloid 
tuhpine, discovered by Gerard in Tuhpa 
gesnertana L 

Pel Mu — This interesting drug finds wide 
application m Chinese medicine and is pre 
scribed m fevers, coughs, dysuria, hemorrhages, 
lingering labour, rheumatism, and diseases of 
the eye The mam difficulty is to identify its 
botanical origin and Pei Mu was indeed attn 
buted to Fntillana royle i Hook (so called 
Szechuan variety) by Stuart (** Chmese Matena 
Medica,” 1911, 178) or to F verticillala Willd 
var thunbergn Bak (bo called Chekiang 
var =Ta Pei) by Read and Liu (" Chinese Medi 
cinal Plants,” Peiping, 1936, 3rd ed ) 

Ta Pel (Chekiang) is said to yield petmtne 
(Chi, Kao and Chang, Amer Chem Soc 1936, 
68, 1306), whereas Pei Mu (Szechuan) affords 
terticine, lerhcillme, peimine, peimimne, fnti 
mine, and fntillanne (Chou and Chen, Amer 
Chem Abstr 1932,26,6703, 1933,27, 3033, 
Fukuda, Chem Zentr 1930 I, 988) 

From F tertictllata Willd , Yagi (Arch intern 
Pharmacodynamie, 1913, 23, 277) obtamed 
fritilline and an amorphous base 

Verticine, C 18 H 33 0 2 N or C 18 H 35 0 2 N, 
[aft 0 —10 6°, m p 224-224 5°, needles from 
EtOH 

Verticllline, C 12 H 33 0 2 N, crystals sintering 
at 130° and melting at 148-160°, which then 
sohdify and remelt at 213° 

TlWiVwwti m-p Vl/h-W ° , 

amorphous, isolated as perchlorate 
Peimine, C I2 H 30 O 2 N (?) (Chou and Chen) 
or C 19 H 43 0 3 N (Cln etal) m p 223°, optically 
inactive, B HCI, mp 295°, B HBr, mp 
293-294°, B H 2 S0 4 , mp 278-280° 


Pelmlnlne, C IS H 28 0 2 N, [aft 4 — 626°, mp 


135°, needles from alcohol and light petroleum. 
B HCI, mp 295°, B HBr, m p 292°. 

Frltimine, C 38 H 82 0 3 N lt [a]” —50°, mp 
167°, colourless plates from EtOH or acetone, 
B HCI, m p 230' 

Fritilline, C„H 41 0 s N.H 2 0, m p 214° 

For pharmacology of the fntillary bases, see 
Narumi (Amer Chem Abstr 1935, 29, 8132, 
1036, 30, 7211) and Chen, et al (ibid 1935, 29, 
4084) 

Schl 

FROTH FLOTATION (v Vol III, 485c) 
✓ FRUCTOSE (p Vol II, 286a) 

FRUCTOSIDASE (r Vol IV, 313ft) 

FRUHLING'S EXTRACTOR (r Vol IV, 
5Sld) 

" FUADIN ” v Catechol (Vol II, 432d) 


FUCHSISENECIONINE, C 18 H 21 O s N, 

an alkaloid of Senecio Fuchsu ' 


FUCITOL, C 6 H 14 O fi , is the pentahydroxy 
alcohol derived from galactomethylose (fucose), 
the pentose obtained from Fucua veaiculosua 
The dextro, Isevo and racemic isomers are all 
known 

d Fuel to 1 [Fucitol], 


CHMe(OH)C- 


H H OH 

I I 

— C — -C — c 


I . 


OH 


ini 


may be prepared by reducing l fucose [fucose] 
with 2 5% sodium amalgum in dilute sulphuric 
acid (VotoCek and Potm&$il, Ber 1913, 46, 
3655, also Chem Zentr 1916, I, 605) It 
crystallises from alcohol in white silvery leaflets, 
m p 163-164°, [aft 0 +4 7° ( 3991 g fucitol m 
13 c c of 10% aqueous borax solution) 
l Fucitol [Rhodeitol], 

OH OH H 
i — C i CH,OH 


CHMe(OH) C 


A >4 in 


may be prepared by reducing d fucose 
[rhodeose] with sodium amalgam in weak 
alkaline solution (not exceeding i% NaOH) 
(VotoSek and Bulfr, Chem Zentr 1906,1,1818) 
White plates, m p 153 5° Distils without de 
composition Easily soluble in water, insoluble 
in alcohol, [aft 1 —4 6° in 10% borax solution 
It is not oxidised by sorbose bacteria, but 
has been oxidised with Acelobacter euboxydans 
(M Harm, E Tilden and C Hudson, J Amer 
Chem Soc 1938, 60, 1201) 
dl Fucitol [racemio rhodeitol, racemic 
fucitolj is prepared by reduction of dl fucose 
with sodium amalgum (VotoCek and Bull?, 
Ic) It may also be obtamed from equal 
quantities of fucitol and rhodeitol in alcohol 
1 (VotoCek and PotmCSil, l c ) 

It forms white plates, m p 168-170°, distils 
without decomposition, is soluble in water, and 
insoluble in alcohol 

Tntyl Fucitol has been prepared by 
dissolving fucitol in dry pyndwo and adding the 
calculated quantity of CJCPh s The tntyl 
derivative is precipitated with water after a 
few days, mp 138-1 42°, [a] D —5 0° (F Valentin, 
Coll Czech Chem Comm 1931, 3, 499) 
FUCOSE (u Vol II, 287c) 

FUCOSOL. A mixture of furfurol and 
methyl furfurol derived from the pentoses of 
certain algm by distillation with dilute sulphuric 
acid 

FUCOSTEROL (r Vol 1,199c) 
FUCOXANTH IN (see Carotenoids) The 
carotenoid pigment of brown seaweed (Fucua 
rest culosua) was isolated by partition and 
chromatographic methods It separates from 
ether — light petrojeum in brown red prisms, 
m p 166-167°, analysis indicating the formula 
C«oH <0 O e Whereas thohvingFucvaieaicuUmis 
contains jl carotene and fucoxanthm, the dead 
matenal contains ft carotene and zeaxanthin 
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Wo trace of the last pigment could be found in 
■he fresh algae ; it is therefore suggested that a 
oost-mortem transformation, fucoxanthin -> zea- 
ranthin occurs. 

The carotenoid contains four hydroxyl groups 
Zerevitinov), but the function of the remaining 
nvo oxygen atoms has not been established. 
Dxidation of fucoxanthin gives dimethylmalonic 
icid and 4—5 mol. of acetic acid. Catalytic 
aydrogenation of the pigment yields a colourless 
substance C 40 H 78 O 2 , m.p. 63-64°, which does 
lot give a coloration with tetranitromethane. 
Fucoxanthin gives a royal blue coloration with 
lydrochloric acid and a blue coloration with 
mtimony trichloride (Karrer cl al., Helv. Cliim. 
^cta, 1931, 14, 614 ; Heilbron and Phipers, 
Biochem. J. 1935, 29, 1369). 

I. M. H. and F. S. S. 

FUEL. This term includes all combustible 
mbstances obtainable in bulk which may be 
lumed by means of atmospheric air in such a 
nanner as to render the heat evolved capable 
if being economically applied to domestic and 
ndustrial purposes. Fuels may he divided into 
'a) naturally-occurring or primary" fuels, and 
6) secondary or prepared fuels derived from (a), 
loth groups containing solid, liquid and gaseous 
nembers. The general relationships between 
.lie primary and secondary fuels are shown in 
fable I. 


Table I. 


Primary 

Secondary fuels. 

fuels. 

Solid. 

liquid. 

Gaseous. 

(Vood . 

?eat . 

Charcoal. 

Peat-charcl. 


Producer- 

gas. 

Lignite 

Briquettes. 

Lignite tars. 

Producer- 

gas. 

loai . . 

Semi-coke. 

Motor spirit. 



Coke. 

Tars and 

oils. 

Town - gas, 
coke - oven 
gas, pro- 
ducer- gas, 
water -gas, 
blast-fur- 
nace gas. 

Anthracite 

Oil, shale . 
Petroleum 

Briquettes 

Shale oil. 
Motor spirit. 
Kerosene. 
Diesel oil. 
Fuel oil. 

Producer- 

gas. 

Natural gas 


Compression- 

gasoline. 

Synthetic 

fuels. 

Compressed 

butane, 

etc. 


The economic importance of a fuel depends 
ipon (i) its geographical distribution ; (ii) its 
lost of production, transport and storage in 
bulk ; (iii) the total amount of heat obtainable 
by burning unit weight of it and (iv) the 
rapidity, efficiency and smokelessness of its 
combustion with atmospheric air. Of the 
natural fuels, coal is the most important, for 
iespite the probability that there is more com- 
bustible matter in the peat deposits than in all 
the known coal-fields of the world and admitting 
the marked inferiority of coal to petroleum in 
calorific value, no other fuel combines so many 


economic advantages. Thus, in 1935, the 
approximate quantities of the most important 
fuels produced were: bituminous coal and an- 
thracite 1,126, lignite 201 and crude petroleum 
235 million metric tons respectively. 

The calorific value of a fuel is expressed as the 
number of parts by weight of water which may 
be heated through one thermometric degree by 
the complete combustion of unit weight (unit 
volume in the case of gases) of the fuel under 
such conditions that the whole of the heat is 
transferred to the water, and that the products 
leave the system at atmospheric temperature 
and pressure. The metric unit of heat adopted 
for technical purposes is the kilogram centigrade 
unit (K.C.U.) or the quantity of heat required to 
raise the temperature of 1 kg. of water through 
1°C. in the neighbourhood of 15°C., while the 
British Thermal Unit (B.Th.U.) is the amount 
of heat required to raise the temperature of 1 lb. 
of water through 1°F. in the neighbourhood of 
60°F. Thus, 1 K.C.U.=3-968 B.Th.U., 1 
B.Th.U.=0-252 K.C.U., and 1 K.C.U. per kilo 
=1-8 B.Th.U. per lb. In dealing with gases, 
the calorific values of which are expressed on a 
volumetric basis, it is necessary to specify the 
conditions of temperature and pressure under 
which the unit volume is assumed to be 
measured. For scientific purposes, these con- 
ditions are 0°C. and 760 mm. : in British 
! technical practice, the standard is 60°F., and 
30 in. mercury, the gas being saturated with 
water vapour. For purposes of calculation it is 
often more convenient to express the calorific 
value of a gas as K.C.U. per g. mol. 
(=22-418 litres at 0°C. and 760 mm.) than in the 
more usual forms of K.C.U. per cu.m, or 
B.Th.U. per cu. ft. In such a case, a; K.C.U. per 
g. mol.=46-68a; K.C.U. per cu.m, at 0°C. and 
760 mm., or 5-02 x B.Th.U. per cu. ft. at 0°C. 
and 760 mm. 

Seeing that all fuels contain hydrogen, a 
distinction is sometimes drawn between the 
gross and net calorific values, the former implying 
that all the products of combustion have been 
cooled to atmospheric temperature (15°C.), while 
the latter takes account of the fact that in 
practice it is not feasible to cool the products 
sufficiently to condense the steam produced on 
combustion, consequently neither the latent 
heat of condensation of the steam nor the 
sensible heat in the water between the tempera- 
ture of condensation (assumed to be 100°C.) and 
room temperature can be considered as con- 
tributing to the calorific value of the fuel. A 
deduction of 11-196 K.C.U. per g._mol. of steam 
produced on combustion (=622 K.C.U. per kg. 
or 1,119-6 B.Th.U. per lb.) is therefore made. 
This deduction is, however, excessive, since the 
assumption is made that condensation would 
take place at 100°C. and that the water would 
then be cooled to 15°C., which is incorrect, 
since the partial pressure of the steam is below 
760 mm.,- the most that can justifiably be 
allowed is the latent heat of condensation of 
steam at 15°C., namely 588-7 K.C.U. per kg. of 
water (1,059-7 B.Th.U. per lb.) or 10-6 K.C.U. 
per g. mol., and this value has been used in 
calculating the net calorific values throughout 
this article. 
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The calorific value of a solid or liquid fuel is 
determined by burning a known weight of it in 
oxygen at a pressure of not less than 25 atm 
in some form of bomb calorimeter, that known 
as the Berthelot Mahler apparatus bemg well 
adapted for the purpose In the hands of an 
experienced worker, the method is more accurate 
than any yet devised, provided that all the 
proper corrections (e g for radiation and for 
the formation of nitnc acid) are properly deter 
min ed and applied in each experiment The 
“ water equivalent * of the bomb and its acces 
sones may be determined by boming in it a 
known weight of compressed benzoic acid A 
comparison between the value so obtained and 
that calculated from the known weights and 
specific heats of its separate eloments serves as a 
good test of the proper heat insulation of the 
bomb in the calorimeter, which is apt at times 
to become defective Such a comparison should 
be made frequently as a precaution against 
possible error which might otherwise escape 
detection With ordinary care duplicate deter 
minations on the same coal sample should give 
results agreeing within 50 KCU, and when 
special precautions are taken within 25 K C U 
on about 8 000 KCU per kg 
It is evident from its construction that 
the bomb method gives the heat of combustion 
under “ constant volume and not under con 
stant pressure conditions, but as the combustion 
of a bituminous or anthracite coal in oxygen is 
attended by very little change in gaseous 
volume ( eg C„H # 0+100 2 =9C0 2 +3H 2 0) 
the difference between the two values is perhaps 
negligible in practice Strictly speaking, how 
ever, the necessary small correction ought to be 
applied to the “ bomb * results in deducing thp 
true * constant pressure value 

The constant pressure value may be calculated 
from that at constant volume by the following 
formula 

Op=Q CT -(A n)RT 

and Q n are the calorific values at constant 
pressure and constant volume respectively, A n 
is the increase in the number of gaseous molecules 
after the reaction , R is the gas constant 
=1 9885 (or 2 0 with sufficient accuracy) and 
T is the absolute temperature at which the 
reaction is earned out 

The correction amounts in the case of bitu 
minous coals to about 6-8 KCU per kg 
(10-14 B Th U per lb ), and hence is less than 
the expenmental error inherent in the deter 
mination Though opposite in sign, it is m 
general about equal to the correction for mtne 
acid formed during combustion in the bomb 
With fuels, such as petrol, which may contain 
about 15% of hydrogen, the correction may 
amount to abont twice this value or (say) 1 
15 K C U per kg 

The calorific value of a gas is usually deter 
mined by burning a measured volume at atmo 
sphene pressure in a chamber surrounded by 
a system of coils or the like, through which a 
flow of water at a constant head is maintained 
By suitable regulation of the pressure and flow 
of gas and water supplies respectively, the gas 
may be completely burned and the heat 


developed transferred substantially without loss 
to the water, the products leaving the apparatus 
at a temperature only slightly above that of 
the atmosphere A number of forms of this 
apparatus are in use, and of recent years several 
forms of recording gas calorimeter have been 
adopted For further details, see Gas, Coal 
and C G Hyde and F E Mills, “ Gas Calon 
metry,” 1932 

The heat of combustion of amorphous carbon 
is 8,080 KCU per kg when completely burned 
to the dioxide, and 2 417 when burned to the 
monoxide , recent values for a number of the 
principal constituents of gaseous fuels are given 
m Table II 


Table II — Calorific Values of Gaseous 
Fuels 



KCU per , 
gram mole 
cule 

B Th U 
ft at G 
760 

per cu 
°C and 


Gross 

Net 

Gross 

Net 

Hydrogen 

68 4 

67 8 

! 343 0 

289 8 

Methane 

213 0 

191 8 

1067 7 

9614 

Ethane 

373 0 

341 2 

1870 5 

17110 

Ethylene 

336 6 

315 4 

1689 7 

15814 

Propylene 

490 2 

468 4 

2457 8 : 

2298 4 

Acetylene 

Carbon mon 

311 1 

300 5 

1559 8 j 

1506 9 

oxide 

67 6 ; 

319 0 


The gross values for certain single liquid fuels 
mK C.U per kg aren hexane=l 1,618, benzene= 
10 044 toluene=10 174 methyl alcoholic 429, 
ethyl alcohol=7,149 An increase of >CH 2 m 
ascending an homologous series of hydrocarbons 
or alcohols corresponds to an increase of approxi 
mately 158 K C U in the gross heat of com 
bustion per gram molecule 

It is not possible to calculate accurately the 
calorific values of compound fuels such as coal 
or petroleum from their elementary compositions, 
since the heat of combustion of a compound is 
never equal to the sum of those of its elements 
taken proportionally Numerous formula have 
been suggested to enable the calorific value of 
coal to be calculated from either the proximate 
or ultimate analysis One of the best known 
is that of Dulong 

Q-jijfs 080C+34 46 o(h-°)+2 2S0s} 

KCU per kg , where C, H, O and S are tho 
percentages of carbon, hydrogen, oxygen and 
sulphur respectively The assumption is made 
that the contribution of each element to the 
calorific value of the coal is that which it would 
make were it in the free state, subject to the 
qualification that the oxygen in the coal i* 
assumed to be combined a3 water with its quota 
of hydrogen, which hydrogen 13 therefore con 
sidered to make no contribution to the heating 
value of the coal More recently, E S Grumell 
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and L A. Davies (Feel, 1933, 12, 199) have pet 
forward a formula, 

Q=(3-635H^235-9){?-9H— g(O-f-S)}, 

based oa Berthier's suggestion that the heat 
evolved by a fuel is proportional to the air 
required for combustion. 

Although the assumptions underlying these 
and similar formula are certainly not correct, 
the results are sometimes surprisingly close to 
those determined in a bomb calorimeter, par- 
ticularly with coals the oxygen content of which 
does not exceed about 7-5% and -where the 
carbon content is not above 92 or 93%. If the 
oxygen content mnch exceeds 7-5%, however, 
agreement between the “ bomb ” and calculated 
calorific values is likely to be poor. Unfor- 
tunately, no d ef inite correlation appears to exist 
between oxygen-content and formula-error, 
either in magnitude or in sign. 

On the other hand, since the properties of a 
gaseous mixture are additive in respect of its 
constituents, the heats of combustion of gaseous 
fuels can be calculated with a reasonable degree 
of accuracy (1 or 2%) provided, the relative pro- 
portions of the combustible gases, their nature and j 
calorific values are accurately known. These 
requirements are most satisfactorily fulfilled by 
gases of which the combustible constituents are 
only hydrogen, carbon monoxide and methane 
(water-gas, producer-gas and blast-furnace gas). 
"Where, however, there are appreciable propor- 
tions of heavy hydrocarbons absorbable" by 
bromine (coal-gas, carbnretted water-gas and 
oil-gas), uncertainty is introduced as to the 
precise value which should be assumed for the 
heat of combustion of these compounds. It is 
often assumed that the heat of combustion of the 
heavy hydrocarbons is that of propylene. 
Hyde and MiPs [op. cit.), however, have shown 
from the comparison of the determined and cal- 
culated calorific values of 34 samples -of gas 
(the calorific values of which ranged Son 410 to 
604 B.Th.U. per cm ft.) that the error introduced 
by tbi=: assumption may be from -f-2 to —21 
B.TmU. per cm ft. with an average of -11-8, 
and that, in order to equalise the calorimetric 
gnii calculated results, the heavy hydrocarbons 
must be assumed to have heats of combustion 
r ync Tn g from 2,286 to 3,333 B.Th.U. per cm ft. 
at (MPT. and 30 in. Hg, saturated at 60UT. The 
differences are likely to be accentuated when 
dealing with oil-gas and the gases from the 
low temperature carbonisation of coal, since 
not only are there greater relative proportions 
of uusaturated hydrocarbons higher than 
propylene, hut the saturated hydrocarbons are 
mixtures of methane and higher homologues. 

The so-called “ calorific intensity ” of a fuel 
is an unscieutiSc term, inasmuch as the highest 
temperature which a particular fuel is capable 
of producing depends entirely upon circum- 
stances which are to some extent indefinable 
and difficult of control. The idea that the 
calorific intensity of a fuel may be deduced by 
dividing its calorific value by the mean specific 
heat of the products is based on the assump- 
tions (a) that the whole of the potential heat is 
instantaneously realised, and (6) that it appears 


without loss as sensible heat in the products of 
combustion. Neither of these assumptions is 
correct; combustion takes place in stages and 
its degree of completeness depends on the tem- 
perature realised in the flame (i.e. on the equili- 
brium constant proper to the flame tempera- 
ture), assuming that equilibrium has been 
reached. Furthermore, the products of com- 
bustion (CO „ and water vapour) radiate heat to 
an extent depending on the temperature of the 
flame, which heat does not appear as sensible 
heat in the products. A graphical method for 
determining flame temperatures of gaseous fuels 
has heen developed by A. J. V. Underwood 
“ Technical Data on Fuel,” 1935, and readers 
are referred to this for further details. The 
measurement of furnace temperatures and the 
like (Pyrometry) is, however, of great practical 
importance and many instruments have been 
devised for this purpose. 

A. Solid Fuels. 

1. Natueai, Fuels. 

Coal . — All natural solid fuels have originated 
in woody tissue which consists principally of 
cellulose n(C g H 10 O s ), and lignin (about 
nC 38 H, : 0 I4 ), together with smaller proportions 
of proteins, resins, fats and waxes. The view is 
generally, though not universally, held that the 
fossil solid fuels, peat, lignite, coal and anthra- 
cite, represent stages in the progressive trans- 
formation and degradation under the combined 
influence of increasing pressure and also possibly 
of temperature, of debris derived from the 
vegetation of primeval forests and swamps. This 
process has gone on in most of the great geological 
periods, and, so far as its early stages are con- 
cerned, it is being repeated to-day under some- 
what different conditions in our modem peat- 
bogs and deltas, where enormous masses of 
water-logged vegetable debris are decom- 
posing under the influence of bacteria. A con- 
sideration of the geographical distribution of the 
world’s principal coal-fields shows that all the 
important fields adjacent to the North Atlantic 
and Arctic areas (which include nearly all the 
fields of North-West Europe and in the eastern 
part of North America) originated in what 
geologists call the Carboniferous Period of the 
Primary Era ; what may be termed the “ Indian 
Ocean ” group of coal-fields (which include those 
of China, India, Australia and South Africa) 
originated somewhat later in the same period. ■ 
Mesozoic coals are found in the interiors of 
North America and Asia (intra-continental 
group) ; while Tertiary coals are chiefly found 
in what may he termed the Pacific borderland 
(west of North America, Japan and New Zea- 
land) as well as in regions bordering on the Gulf 
of Mexico and the Mediterranean. 

The great coal-fields of the Carboniferous Sys- 
tem lie in a broad belt, stretching round the 
world almost in a great circle, and probably 
originated in a new monster vegetation flourish- 
ins in a rich v irgi n soil, with an equable if not 
subtropical climate, and large areas of shallow 
sea to which great quantities of sediment were 
borne from rivers. According to G. Hi ckling , 
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the microscopic examination of Carboniferous 
coals has shown that they have originated pre 
dominantly from wood and bark 
Vegetable tissue has been built up in all ages, 
then as now, by the action of chlorophyll under 
the influence of sunlight, stimulated by minute 
quantities of mineral salt3 drawn in by the roots, 
upon atmospheric carbon dioxide and moisture 
An action which Bets up a complex senes of 
chemical changes, with the intermediate for 
mation of Bugars and starches, ultimately result 
ing in the production of celluloses and bgnocellu 
loses, as the basis of all woody tissue 
The vegetable forms which flounshed in the 
Carboniferous Period were of simpler structure, 
but of much greater size, than those which are 
predominant to day — lepidodendrons, sigillanas. 


gigantic ferns, club mosses, horsetails and form 
intermediate between ferns and cycads — and 1 
is demonstrable that in certain cases (eg th 
Moira seam near Loughborough in Leicester 
shire) entire beds of cold have been formed fros 
the spores of such plants, which were produce 
and shed m great profusion 
Much controversy has raged round the qaes 
tion whether or not coal formation has occurm 
upon the actual site of the original vegetabl 
growth, and in many cases the question can b 
answered affirmatively The necessary con 
ditions would be a dense forest growth u 
swampy areas, together with such oscillation 
in level as are known to have occurred durm| 
the Carboniferous Period During a period o 
subsidence, the rotting vegetable debris wouli 



be overlaid by water deposited sands and clays, 
which, on re elevation, would provide a suitable 
soil for renewed vegetable growth Proof of 
Buch conditions is afforded by the occurrence of 
** under clays ” or fireclays with fossil roots 
(stigmana) below the coal seams in certain areas 
(eg the Yorkshire coal field), and, speaking 
generally, our British coal fields would appear to 
have been formed in situ On the other hand, 
however, some coal fields undoubtedly owe their 
origin to enormous masses of vegetable debris 
brought down from higher levels and deposited 
either in deltas or m landlocked seas or lakes 
Such fields show no fossil roots in the understrata, 
and sometimes fossil remains of aqueous and 
marine life are found immediately above and 
below the cosl seams 

Although the transformation process cannot 
be visualised m all its details, its general outline | 


may bo pictured as involving such successive 
stages as ( 1 ) fermentation in peat bogs, whereby 
the less resistant parts of the vegetable tissuf 
would be decomposed, (u) progressive consoh 
dation and de watering of the residue by pres 
sure as it was gradually “ blanketed ” undei 
accumulating newer strata , (in) laminatior 
produced by subsequent earth movements , and 
(iv) what, for want of a better word, has beer 
termed “ bitumirusation ” under the combinec 
influence of increasing pressure and in a sub 
ordinate degree of slowly rising temperature 
This latter probably did not exceed (if ever ii 
approached) SOO^C , except m the rare case* 
where bituminous coals have been subsequently 
subjected to such influences as igneous mtmsiot 
or frictional heat generated by earth movements 
Such “ bituminisation ” seems to have involved 
inter aha a loss not only of both carbon dioxidi 


Table III —Ultimate A^altses oj Ttpical Products in the Wood to Coal Transformation 
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examples in which anthracitisation of bitu 
mmouB coals has undoubtedly occurred in con 
sequence of subsequent igneous intrusion or 
heat generated by intensive earth movement 

Although the organic substance of bituminous 
coals invariably contains small percentSges of 
both nitrogen and sulphur — which presumably 
originated in vegetable proteins — its chief 
progenitors are generally regarded as celluloses 
and/or lignins , but opinion is sharply divided 
as to which of these two plasses of organic 
material have been mainly responsible Thus 
while F Fischer (Ges Abhd Kohle, 1919 4 
342, 1920,5 135,160,200,211,235, 1021,6 1) 
and his collaborators maintain that during the 
* peat bog stage ” the celluloses In the original 
vegetable debris were decomposed leaving only 
the lignin to be subsequently transformed into 
coals, Berl (J Inst Fuel 1932 5 382) has 
argued, from his work on the “ coalification 
of plant products by heat under pressure, that 
while lignins may have been the chief progenitors 
of brown coals and lignites, celluloses have been 
mainly responsible for bituminous coking coals 
And he doubts whether bituminous coals have 
matured via brown coals and lignites, &a is usually 
supposed 

Assuming, however, the essential continuity 
of the wood -► peat -* coal -* anthracite senes, 
the sequence of the various intermediate pro 
ducts may be represented as follows 


The Wood -*• P eat -»• Coal ->• Anthracite 
Series 

Woody tissue 


Peats /Water- 90 

(Quaternary) (Combustible— 10 

J Woody brown 

| coals 

Earthy brown coals /Water— 60 to 40 

(Tertiary) \CombustibIe=40 to C( 

{a^brat,bk O -'60 to » 
Sob bituminous coala {JJalL'm taV 


Bituminous coals 


/Water— 10 
\CoaI—90 


Semi bituminous coals 


Anthracitic coals 


From the ultimate composition of typical pro 
ducts in the senes shown in Table III, it will be 
seen that generally speaking while both the 
carbon content and the C/H ratio increase the 
oxygen content and yield of volatiles at 900°C 
diminish with the matunty of the coal 
substance 

Wood when dry consists chiefly of cellulose 
and from 20 to 25^ 0 of lignin together with about 
4% of sap associated with n small amount of 
mineral ash (chiefly CaCO, and K,CO,) 
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Recently felled timber cont ains a large propor- 
tion of water (from 25 to 59%), the percentage 
depending upon the season when the tree vas 
felled and the part of the tree examined. When 
air-dried the moisture may range between 12 
and 15% ; k2n-diying may reduce it to as little 


as 5%. 


Timber is classed as “ hard " or ~ soft ” 
"ood accor ding as it is derived from trees with 
broad leaves or conifers (narrow-leaved). As a 
faeL wood is very combustible, and bums vrith a 
great amount of Same, but it suiters from the dis- 
advantage that the calorific value, even when 
dried, is low (from 4,710 to 5,055 K.C.U. per fcg.), 
the higher values being for woods containing 
much resinous matter such as Sr and pine. It is 
vrell adapted for domestic use and is also em- 
ployed for Sring boilers, its low ash content 
making it a dean fuel without clink ering proper- 
ties. Owing io the large content of hygroscopic 
water, it is quite unsuitable for the attainment 
of high temperatures, unless it is Srst carbonised 
(charcoal) or gasified in a producer. On dis- 
tillation in dosed retorts or chambers it yidds 
under favourable conditions, 20—25% of char- 
coal, 9— 13% of tar, 40-50% of pyroligneous acid 
(corresponding to 2-4% anhydrous acetic add), 
and 22—23% of inSammable gases. The chief 
timber-producing countries are the U.S.S.R. 
vrith 1,565 million acres of forests, Canada with 
739 million acres, the United States with 690 
million acres; other countries with important 
timber reserves are India, Northern Rhodesia 
and Nigeria, with ISO, 113 and 99 million acres 
respectively. 

According to the “ Statistical Yearbook 
(1936) ” of the World Power Conference, the 
five countries which used the greatest quantities 
of wood as fuel in 1934 were : Germany (including 
the Saar), Poland, Nigeria, Tanganyika and 
Uganda, which consumed 35-S, 13, 13-6, 20 a 
10 milli on cu. m. respectively. 

The rapid demolition of the world’s reserves 
is becoming a serious economic problem, and 
while it is improbable that wood will ever again 
take an important rank as a fuel, nevertheless, 
in countries which are defitient in natnral sources 
of liquid fuels, efforts are being made to employ 
wood or charcoal instead of petrol to operate 
lorries. 

Peat is a widely distributed and abnndam 
fuel of great future potentiality, but is as yet 
of little economic importance. It is usual to 
distinguish between bog peats to which the 
smaller forms of vegetation are the main con- 
tributors, and forest peats, mainly formed from 
trees. Peat-bogs are principally found in high 
latitudes; one-seventh of Ireland is covered 
with them, while in Great Britain about 6 
millioa acres are so covered to an average depth 
of about 12 ft. Extensive deposits also occur 
in Russia, Scandinavia, northern Germany, 
Bavaria, Aus tria, Italy and northern France, 
as well a sin Canada and Siberia. Forest 
peats, to which most Carboniferous coals may 
be referred, occur chiefiy in the dense forests of 
the tropical and sub-tropical rain belts. 

Peat deposits vary considerably in age, the 


light-brown in colour, of spongy texture, with 
distinct vegetable structure. They contain a 
fairly large and va ri able proportion (5-15% as 
a rule) of mineral matter usually of an infusible 
character, composed of sulphates and carbonates 
of calcium and magn esium, ferric oxide and 
silica. Fuchs estimates that high-moor peats 
accumulate at the 'rate of about 1 metre in 
1,090 years, and their age may exceed 5,000 
years. 

A well-drained peat bog contains about 60% 
of water and only 10% of combustible matter. 
Although about 90% of the water can be pressed 
out mechanically in the cold, the residue is a gel 
still containing as much water as combustible 
material, and It must be heated to 150-200 C C. 
before the remainder of the water can be 
expressed. 

“ Air-drisd ” peat still contains from 15 to 25% 
of water; its calorific value varies between about 
2,250 and 4,300 K.C.U. per kg., with an average 
of about 3,000 K.C.U. per kg. Dry ashless peat 
usually contains : 

C 50-64, H 4-7-6-S, O 26-44 and N 0-5-2-5%. 

its sulphur content being low. 

Generally speaking, the deeper the peat lies 
in a deposit the higher its carbon- and the lower 
its oxygen-contents, though there may be 
irregularities. According to Fuchs, as the peat 
matures pentosans diminish more rapidly than 
celluloses. 

Oden and Lindberg, who analysed a large 
number of continental peats, found that their 
proximate compositions (dry) varied between the 
following limits : 

Per cent. 

"Waxes and resins . . . 0-2— 3-7 

Celluloses 3-5- 9-5 

Humic and pectinic acids . 21-0-27-0 

Lignins 15-0-71-0 

Residues 7-6-21-0 


Although the use of air-dried peat as a 
domestic fuel is very ancient, progress has been 
slow and in most cases so dependent on laborious 
hand-winning methods that as yet peat has 
attained no great importance as a general fuel, 
its employment being restricted to localities 
near which it naturally occurs. Many attempts 
have been made — notably in Germany, Sweden 
and Cana da — to develop mechanical methods 
both for the excavation and spreading of peat, 
for its de-watering either by tbe application of 
heat and/or pressure or by electro-osmosis. But 
while me chani cal excavation has met with some 
success, no processes have yet been com- 
merciallv established for the mechanical or 
electrical de-WEtering of peat. The problem 
is to produce blocks of briquettes containing 
not more than from 15 to 30% of water from raw 
peat containing about 99%; this means the 
elimination of at least 95% of the original water- 
content, and to do so by heat alone would involve 
the combustion of more than the whole peat 
substance. 

Reliable statistics as to tbe utilisation of air- 
oldest peats havinu a dark- brown or black colour, j dried peat in various countries are diSculc to 
with but merest traces of tbe original vegetable j obtain and such as are available can only be 
structure, while the more recent varieties are ^ regarded as approximate. In Russia it may 

Tom V.— 22 
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possibly doit amount to as much as 10 million 
tons, m Ireland to 7 million tons, m Germany to 
3 million tons and in Denmark and Sweden to 
between 1 and 3 million tons per annum From 
1908 onwards, the Canadian Department of 
Mines has earned out extensive experiments 
on peat production and utilisation, and has 
issued several valuable Reports thereon by B F 
Haanel (1912 and 1914), A von Anrep (1914) 
and a Committee m 1922 and 1926 In 1926 
the U S Bureau of Mines published a compre 
hensive Report on the “ Commercial Utilisation 
of Peat ” (Bull No 253), while H M Fuel 
Research Board has issued Reports on 11 The 
Peat Resources of Ireland ” (1920), “ The 
Winning and Utilisation of Peat in Ireland ” 
(1921) and “ The Production of Air dried Peat ” 
(1922) The Canadian Committee concluded 
(1922) that the then cost of producing a ton of 
air dried peat fuel containing 30% of moisture, 
based on 100 working days of 10 hours each per 
annum, would be S4 48, which might possibly 
he reduced to $3 5 with a 20 hour day , the 
corresponding coats at that tune in Denmark 
and Germany were estimated at less than 82 25 
per ton By 1928 the cost m Canada is said to 
have fallen to between $2 5 and $3 0 per ton 
In 1921 the Fuel Research Board carried out 
some carbonising tests at 820-1, 000°C on air 
dried Turraun Irish peat containing (as charged) 
20% of water, the results of which were published 
in Technical Paper No 4 
Although peat containing up to 60% of mois 
ture has been gasified on a large scale in gas 
producers under ammonia recovery conditions, 
for successful commercial working the moisture 
content should not exceed 30% The richness 
of the gas depends upon the moisture content, 
but where this is not excessive, the " total com 
bustible ” m the gas may amount to between 
35 and 40%, as in the following typical example 
CO a 20 0, CO 10 0, H, 23 2, CH 4 4 8 and 

N*42 0% 

It would seem probable that a ton of dry peat 
should be capable of yielding up to 90,000 cu ft 
of gas of an average gross calorific value 140 
B Th U per cu ft , though part thereof would 
he required to raise steam for working the 
ammonia recovery plant 

With regard to power production via gas 
producers and internal combustion engines, trials 
made by the Canadian Department of Mines m 
1910-11 at the Fuel Testing Station, Ottawa, 
showed at full load a consumption of 1 7 lb 
and at three quarters load 2 1 lb of dry peat 
per BHP hour 

At the Wiesmoor Electric Power Station m 
Ostfnesland, Germany, the capacity of which 
was increased after the war of 1914—18 to 21,000 
kw and where the boilers, which supply steam 
to the turbo generator, were partly coal fired 
(30,000 tons per annum) and partly peat fired 
60,000 tons per annum), the best consumption 
obtained with air dned peat was 4 85 lb (2 2 kg ) 
as compared with a best consumption of 2 65 lb 
(I 2 kg ) of coal per kw hour, the average peat 
consumption being 6 6 lb (3 0 kg ) per kw 
hour 

According to information given at the World 


Power Conference m 1928, the use of specially 
designed shaft chain grate furnaces with air 
blast pre heated to 350°C has enabled air dned 
peat contaimng 35-38% of moisture to be so 
effectively burnt under boilers that already 
peat fired electric power stations of a total 
capacity 612,000 kw were either working or 
in course of erection in the USSR Among 
these may be mentioned Shatura (116 km from 
Moscow), with an initial capacity of 48,000, but 
designed for ultimate extension to 100,000 kw , 
Leningrad of 110,000 kw ultimate capacity, 
Nijm Novgorod and Lyopino In 1928 the 
total production of peat in Russia was 7 million 
tons, of which 5} million tons were for industrial 
and 1$ million tons for domestic purposes 
Indeed it has been claimed that “ the problem 
of economically binning peat m the USSR has 
been satisfactorily solved, since peat (low grade 
fuel as it is) has been burned with as high a 
calorific efficiency as the highest grade fuel,’ 
and certainly in Russia large scale electric power 
generated from air dried peat may be regarded 
as an established process 

Brown Coals, Lignites and Sub-bitumm- 
ous Coals — Brown coals and lignites comprise 
a large class of chiefly Tertiary coals, occurring 
(i) m what may be termed the Pacific border 
lands (« e in America west of the Rockies, Japan, 
Australia, New Zealand and the East Indies), 
(u) in India, Burma and Malaya, (ui) in regions 
adjacent to, and m continuation with, the Gulf 
of Mexico (t e Texas, Mississippi, Arkansas and 
Alabama), (iv) in regions north of the Mediter 
ranean, including the Central European Plain, 
and finally (v) in a large area in the United States 
and Canada (comprising North and South 
Dakota, Montana, Wyoming, Saskatchewan 
and Alberta) in which coal forming conditions 
prevailed during the Cretaceous Period and 
were contmued in great luxuriance mto the sub 
sequent Tertiary Era In the last gamed area 
there are immense reserves of brown and black 
lignites ui the Tertiaiy and of sub bituminous 
coals in the Upper Cretaceous formations and 
great seismic movements consequent upon the 
elevation of the Rockies after the coalfield 
was laid caused local bitumimsation and even 
anthracitisation of the fields 
Owing to their comparatively recent origin, 
brown coals and lignites are mostly found near 
(or not far from) the surface, so that they can be 
won at no great cost by either open workings or 
shallow mining Moreover, they include a great 
variety of fuels which may be generally sub 
divided, according to their external characters 
and maturities, into (1) earthy brown coals, 
e g the Australian Morwell brown coal , (2) woody 
brown coals (« g the Italian Valdamo brown 
coal), which have a marked woody structure, 
as though they had never passed through any 
“ peat hog ” stage, hut had merely become 
*' fossilised ” dunng complete submergence under 
water; (3) laminated lignites, mainly black in 
colour, with a conchoidal fracture which, 
though quite devoid of coking properties, never 
theless (as will he shown later) are sufficiently 
matured to show the incipient formation of 
constituents which when fully developed in 
bituminous coals are mainly responsible for 
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their co ting propensities. It ttOI be seen that 
(2) is a special class, out of line -with the other 
two ; and there axe border-line classes between 
(1) and (3). 

The rare coals cont ain from 60 downwards to 
20% of water, accor ding to their maturity, the 
expulsion of which usually causes disintegration, 
and from 0 up to about 7-5% of Montan wax 
(m.p. usually 75— SS C ) and sometimes other 
bodies of vaseline-like consistency extractable 
by boding benzene under atmospheric pressure. 
When present in sufficient amount these useful 
incidental constituents render the dried coals 
compressible into briquettes without addition of 
any extraneous binder, Montan wax is usually 
a mixture of higher fatty acids and their esters 
with (possibly) higher hydrocarbons. Four such 
waxes extracted from German broom coals in 
the course of researches at the Imperial College 
(Proc-. Eoy. Soc. 1934, A, 147, 5S), melted 
between SO and So'C., and bad empirical 
formula approxi ma ting to C r H„-,0„ where 
n =29-32. * ‘ ‘ 

Proximate and ultimate compositions of a 
series of typical broom coals and lignites are 
given in Table IT. 

From the point of view of utilisation, broom 
coals and lignites suffer from several inherent 
disadvantages, (i) their content of vrater is high, 
and when dried they tend to disintegrate, giving 
much fine dust, (ii) even when feed, their 
calorific values are low (5,500-7,000 K.C.U. per 
kg. on the dry ashless coal), and (iii) owing to 
the very high yield of volatile matter, they 
bum vdth Jong smoky fames. NotvatLst ach- 
ing these disadvantages, however, brown coals 
and lignites are successfully employed for steam 
raising, notably in Germany and Austria, while 
it may be mentioned that the electricity supply 
of the city of Melbourne is derived from the 
Yalioum (earthy brovm) coal of the Latrobe 
Valley (see “ The Utilisation of Broun Coal 
in Victoria. 1 ’ Empire Mining and Metallurgical 
Congress, Montreal 1927). 

W. A. Bone (Proc. Boy. Soc. 1921, A- 99, 236), 
showed that by beat treatment of dry brown 
coals and lignites at temperatures below 400'C. 
considerable condensation of tbeir cellulose or 
1 humic constituents may be effected, with 
i simultaneous elimination of oxygen as oxides 
j of carbon (mainlv CO,) and water, but without 
' expulsion of either hydrogen or hydrocarbons. 

J As a result of this treatment the dry a=hless coal 
i substance loses from S to 15% in weight while at 
the same time, practically the whole of the 
i potential energy of the fuel is concentrated in 
[ the residue. 

i The sub-bituminous coals form a somewhat 
j IQ-defined class of (chiefiy) Cretaceous coals inter- 
! mediate between the lignites and the bituminous 
j coals. They usually contain from 10 to 20% 

I of water and are devoid of coking properties, 
j Then are well matured fuels, in external appear- 
I Ence more of figniti: than bituminous type, 
i but in ultimate composition they approximate 
! to the lowest grade of the latter. In the dry 
! ashless state they usually contain between 75 
i ar.d 50% of carbon, and from 10 to 20% of 
i oxygen, ar.d at C-OO’C. yield about 40% of 
j volatiles. 
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Bituminous, semi-Bituminous and 
Anthracitic Coals — The term “ bituminous ” 
is apphed to a whole penes of matured flaming 
coals of Carboniferous and Mesozoic origin, 
including all tjpes of coking coals, the com 
mercial importance of which exceeds that of all 
other kinds 

They are all outwardly black in colour, with 
often a banded appearance, a laminated or 
columnar structure with a tendency to cubical 
fracture, and they usually soil the hands 
Generally speaking, the ultimate composition 
of the dry ashless coal falls between the following 
limits 

C 76-90, H 4 5-6 6, N 1 0-1 6, S 1 0-2 0 and 
O 6-20% 

The yield of volatiles at 900°C vnne3 between 
18 and 45% 

The chief coal producing countries are, and 
have been for many years, the United States, 
Great Britain and Germany, which havo pro 
duced upwards of 05% of the annual world 
output of black coal Figures for 1913, 1929 
(when the peak of coal production was reached) 
and 1935 are given in Table V 

Table V — World's Production of 
Black Coal 


Million metric tons. 



1913 j 

1929 

| 1935 

United States 

608 7 1 

643 6 

381 3 

Great Britain 

287 4 

258 0 

226 5 

Germany (post 




1919 territory, 




including the 




Saar) 

152 1 

174 2 

144 7 

Other countries 

246 8 

327 8 

373 6 

Totals 

1,195 0 

1,303 6 

1.126 0 


file average netf costs oi'proaViction per ton of 
commercially disposable coal in Great Britain 
m 1913 and 1935 were 9r 6 \d and 12s UJd 
respectively, while the amount of coal raised 
per person employed had risen from 260 to 2S9 
tons per annum At the some time, the average 
consumption per head of population fell from 
89 to 72 cwt The reduction in demands for 
British coal since 1918 is to be ascribed mamly 
to three factors (i) reduction in foreign ex 
ports (to the extent of about 33 million tons 
per annum in 1935 as compared with 1913) 
arising from the intensive development of coal 
fields in continental countries which previously 
imported large quantities of coal, (u) the ex 
tensiTe adoption of liquid fuels by the mer 
cantQe marines and navies of the world and, 
(m) progress in fuel econo mj the effect of which 
probably amounts to a reduction in internal 
demands for coal of upwards of 25 milli on tons 
per annum A detailed discussion of the 
economic aspects of the British coal industry is 
given by W A Bone and O \V Himus in ** Coal, 
Its Constitution and Uses ” Longmans, 1936 
A comprehensive report on the coal resources 


of the world was issued by the International 
Geological Congress in 1913, according to which 
the total probable and possible reserves of coal 
of all kinds (anthracite, bituminous coals and 
lignites) within 6,000 ft of the surface amounted 
to 7 4 million million metno tons, or about 6,500 
times the present total annual consumption 
Although revised estimates have since been put 
forward, notably for the reserves of China, 
which appear to have been much over estimated 
no comprehensive survey has since been made 
According to the 1913 report, of the total world 
reserves, 6 75% are anthracites (mainly in 
China), 62 76% are bituminous, and 40 6% are 
sub bituminous (lignites and Tertiary brown 
coals) , 61 8% occur in the United States, 16 4% 
in Canada, 13 5% in China, 6 7% m the pre 1914 
German Empire, 2 6% in Great Britain, 2 3% 
m Siberia, and 21 2% in Australia South 
America and Africa are relatively devoid of 
coalfields 

Classification of Coal 
For commercial purposes, coals ore classified 
according to their suitability, or otherwise, for 
certain specific economic ends, e g steam raising, 
furnace firing, gas making, manufacture of dense 
metallurgical coke and the like The usefulness of 
any given coal for a particular purpose depends 
principally upon (i) its yield of volatiles expelled 
at 900-1,000°C., which largely determines the 
length and character of the flame produced 
during vigorous combustion , and (ii) the 
character of the carbonaceous residue after the 
volatiles have been expelled at high temperature, 
which doubtless depends in part upon the nature 
and mode of decomposition of the “ binding " 
constituents of the coal IJor econormo pur 
poses, Percy proposed to class bituminous coals 
as (i) non caking, free burning, rich in oxygen, 
(n) caking, and (in) non caking, rich in carbon 
Several classifications have been proposed based 
upon the ultimate composition of the dry and 
ashless coals One of the most useful is that 
generally known as the Regnault Grilner which 
is shown in a modernised lorm in Taiiib vY 
This classification has been Criticised in that it is 
based largely on the oxygen content of the coal, 
which bears all the analytical errors, and also 
that it underrates the importance of hydrogen 
C A Seyler, ns the result of a special study of 
the coals of South Wales, has put forward a 
chemical classification based upon the per 
centages of carbon and hydrogen in the pure coal 
substance He divides coals into five principal 
genera, according to their hydrogen contents, 
each genus is then sub divided into a number of 
species according to the percentage of carbon 
The classification which is detailed m Table VII 
thus really depends on two factors, namely, m 
the first place upon the hydrogen content, and 
in the second upon a C/H ratio 
The Geological Survey of the United States, 
independently of Seyler’s work formerly also 
adopted a classification based upon the C/H 
ratio in the pure coal substance Of recent 
years, however, a classification, shown in Table 
VIII, based upon the proximate analysis of the 
ashless raw coal and its physical properties, 
has been adopted 
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All tho numorionl data in tlio nliovo fable rnfor to the dry mihlenn eoal. 
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Coax. 

(-wctcrding to tne L -S. Geo! -gi cal Survey and Bureau of Mix es.) 


<gf.l 

B.T£.Cl per It. I 


PhTStcal prcre 


B. Ligucte. 50-32 2-5—30 21— 37 6,400— S r 3’!0 i Slacks freely ox wench erirc : cox- 

cekirg : northern port of Great 
| Plains and Gxlf Coastal area. 

C- Sub-bin- 32-12 32-3S 35-50 S.550-I 1,030 j Slacks considerably ox veatherirg : 

possibly certaix coalfields cf 
| Iowa . IHixois, Missouri. Western 
Kertuckv and Indiana. 


D. Bfttxxixtxs. f 12-5 35-12 45-53 12.000-13,600 1 Slight or no slac 




iug; may be coking: all coal - 1 
> hearing states except the 
i Dakotas. 




G. tern* 


5-35 4 , * L -22 55-75 i4.COO-15.COO 1 2Co slacking properties; often 

j coking; mcsr abundant in Ap- 
i p-alachiau field, btrt fotmd in 
mtst cocl-bearinn states. 

* • * g 

25-23 23-15 74- S2 1 5.200-1 5.SC0} Friable: coking; nearly smoke- 

, less; Central Pennsylvania ; 27e~ 
j P.rver Pocahontas field; Fort 
i Smith field of Arkansas and 
[ Oklahoma. 

Fee! ratio (F.C. T3f.lt from 443-10-0. t Less hard and less I astro ns than 

I typical anthracite; nearLykers. 

Bernice and Carbondnle in Pemn- 
1 sylvarin : Meadow Branch field 
cf West Virginia; and Valley 
, field cf Viminia. 


fli Pernsvlvania anthracite with fuel ‘ Pennsylvania anthracite. 


ratio over 10 - 0 . 


i. Super- 


| Besembles graphite ; Rhode Island 
i. and Southern Massachusetts. 

| Local deposits ace to meta-j 
j morphism caused by volcanic 
1 dvkes and siHs. 


Although, as already stated, in Carboniferous r and yield be. - ter 15 ana 2'j% of volstflss 


at £03‘C. and crpvrards nsnaliy increases pro- 
gressfreiy as the yield of volatile falls , a point 


is reached (some— hers between 15 and 1S% There is much ewaence m support ot the viev 
volatiles) at which the cokinn trroueusitfes that these semi-httemnaus coals have beer 


at cr.Vc. They are all first-class steam-raising 
cods 'yTc’H in c goo<x Grsngnr v 2tn s 


„ si Tdnch tLs coding prouerjHtfes that tL_ . 

acruptlw disappear and the cesais^ pass into the ' formed through the action of heat, arising^ from 

o ut — iu g in the central perrion of the South biruminaus- 

Wales coal-field (r. sn/rr). In the dry ashless Tr ° anthracitic genus comprise coals contain- 




m in the drv ashless state upwards of 92% of 


C £0-92. H 443-4-5. O 3-«-4-5. N and S carbon- and yielding less than 15% of volatfies 
1.50 - t zz SCOP and they may be sub-divided into : 
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(i) Anthracitic . — Hard steam coals yielding 
at 900° between 8 and 15% of volatiles, devoid 
of caking properties and burning smokelessly 
with a short non luminous flame They usually 
have a low content of infusible ash As a typical 
example, a coal from a seam m the Mam Colliery 
Company at Neath in South Wales of the 
following composition may be cited 

C 89 05, H 3 90, N 0 40, S 1 00, O 5 65% 

(u) Anthracites are coals yielding less than 
8% of volatiles at 900°C In Great Britain they 
are fonnd for the most part in the west and 
north west border of the South Wales coal field 
(West Glamorgan, Breconshire, Carmarthenshire 
and Pembrokeshire) over an area of 137,000 
acres, and to a small extent in certain localities 
in Scotland (Ayrshire, Linlithgow and Fife), 
where the bituminous seams have been subjected 
to intrusion of molten igneoua material subse- 
quent to the formation of the original coal field 
Nearly 80% of the world’s reserves of anthracites 
are said to be located in China, and there are also 
extensive fields in Russia and the United States 
(Pennsylvania) 

Anthracites are usually distinguished by their 
very Jow ash content and comparative freedom 
from sulphur, owing to their cleanliness and 
smokeless combustion they are used chiefly for 
domestic heating m specially constructed closed 
stoves, for central heating furnaces, for drying 
malt, curing rubber, and other special purposes 
where a smokeless fuel of great purity is required 
The advantages of anthracite for domestic heat 
mg are more appreciated on the Continent, where 
closed slow combustion stoves are largely U9ed, 
than in England where the open fireplace is the 
rule 

A typical example of a Scottish anthracite, 
from Manor Powis near Stirling, contained 
C 92 5, H 3 2, N I 8, S 0 9, O 1 6% on the dry 
ashless coal 

The Geographical Distribution of" Coal. ' 

British Coalfields — -The coalfields of 
Great Bntairrmay be grouped into three prrnci 
pal areas, each having distinctive features, 
namely (a) Southern (South Wales, Forest of 
Dean, Bnstol and Kent), (6) Central (Lanca 
shire and North Wales, Yorkshire, Derbyshire 
and Nottinghamshire , Leicestershire, Stafford 
shire and Warwickshire), and (c) Northern 
(Durham and Northumberland, Cumberland 
and Scotland) The more important fields are 
as follows 

(1) South Wales (Monmouth, Glamorgan, 
Carmarthen and Pembrokeshire), covering an 
area of about 1,000 square miles, of which 150 are 
under the sea, with eeams from 1 to 12 ft (average 
2 5-3 0 ft ) thick, and melding all classes of coal, 
namely, bituminous (31%) steam coals (47%), 
and anthracites (22%) The Carboniferous 
strata be in an elongated basin which is almost 
completely surrounded by older formations and 
complicated towards the south by an anticlinal 
fold running east and west The basin is much 
faulted, and the rivers have cut a senes of deep 
valleva along which the coal seams crop out 
Speaking generally, and for corresponding 


depths below the surface, there is a gradual 
transition m the character of the coal from the 
coking vaneties m the east and south-east, 
through the first class steam coals of the centre, 
to the semi anthracites and anthracites in the 
west and north west. The supposition that the 
anthrs citisation has been due to pnor bituminous 
seams having been subjected to heat generated 
by an increasing earth pressure has been qnes 
tioned by Strahan and Pollard, 41 Memoirs of 
the Geological Survey,” 190S, who, from the 
fact that the ash content of the anthracites is 
invariably much lower than that of the bitu 
nunous seams which are their continuation, 
suggested that the difference between the two 
classes of coal may be due to some original 
disparity in the vegetable debns from which they 
have been derived, but no proof of it has yet 
been forthcoming and, taken as a whole, chemical 
evidence is against it In the eastern and 
south eastern sections of the field, the npper 
and middle parts of the measures are chiefly 
worked, yielding good coking and bituminous 
coals , in the central sections, the middle parts 
of the measures (the Pennant Senes) pre 
ponderate, whilst in the extreme west the seams 
occur in lower parts of the measures only The 
percentage composition of the more important 
classes of coals usually falls within the following 
limits 


LnrmNQ Compositions or the More 
Important Classes op South Wales Coals 



I The estimated reserves amount altogether 
to 26,000 million tons, of which 6 310 million 
tons are anthracite and 3,936 million tons semi 
bituminous steam coals In good years the pro- 
duction of the field has exceeded 50 million tons 
but m 1933 it was only 33 ( milli on tons 
(2) Forest of Dean — A email field (34 sq 
miles) forming a complete basin between the 
Wye and Severn valleys, and containing thirtv 
one seams, of which only sixteen exceed 1 ft 
in thickness It is usuallv regarded as an 
outlier of the South Wales coal field The total 
thickness of the measures is 2,765 ft , and they 
are completely girdled by older formations 
The coals resemble m character tho«e found in 
the eastern section of the South Wales field , 
the upper and middle parts of the measures 
yield excellent gas and house coals, whilst the 
lower parts which, however, are difficult to 
work owing to accumulations of water therein 
contain good steam coals The total estimated 
re«erves in the field are 25S million tons, and the 
annual production since 1918 has caned usuallv 
between 1 .and 1 5 milhon tons, the maximum 
having been 1-438 million tons m 1923 
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(3) Bristol (Somerset and Gloucester ). — The 
coal-fields of this region form a number of basins 
of varying areas, the edges and outlines of 
which are masked by newer rocks, so that there 
are fire or sis detached exposed fields, in all 
about 2590 sq. miles, and a considerable inter- 
vening area of concealed coal-fields. The mea- 
sures are divided into upper and lower portions 
by a sandstone bed, some 2,000-2,500 ft. in 
thickness, known as the Pennant Eock, which, 
although it contains locally some thin coal 
seams, is practically unproductive. The upper 
parts of the measures (the Eadstock and Far- 
rington Series) yield bituminous house and gas 
coals; the lower part (Kingswood and Yobster 
Series) yield both house and coking coals. The 
combined annual outputs of the various fields 
is comparatively small, and is almost all con- 
sumed locally. The Kingswood Great Vein coal 
contains : 

Moisture 1-6, ash 4T, C 81-8, H 4-7, N 1-4, 
S 0-9 and O 5-5%. 

The estimated reserves amount to 4,198 million 
tons, and since 1918 the annual production has 
varied usually between 1-0 and 1-5 million tons, 
the maximum being in 1920. 

(4) East Kent . — A concealed coal-field near 
the East Kent coast, now known to have an area 
of 206 sq. miles (namely 150 on land and 56 
under the sea), was first proved in 1886 by an 
experimental boring at Shakespeare’s Cliff, 
Dover, where coal measures were encountered at 
1,100 ft. below the surface. It is generally 
considered as a westward prolongation of the 
coalfields in Belgium and Northern France, and to 
have originated contemporaneously with those 
of South Wales, Gloucester and Somerset. The 
Kent coal measures, of which between 4,700 and 
4,000 ft. have been proved, consist of greyish 
sandstones, shales and fireclays with numerous 
coal seams. The coal measures lie concealed 
below chalk and other Upper Cretaceous for- 
mations between which and the Palaeozoic floor 
a wedge of Lower Cretaceous and Jurassic rocks 
has (so to speak) been introduced in a south-west 
to north-east direction. The coals, which are all 
bituminous and similar to those of Somerset- 
shire, are being worked at the Tilmanstone and 
Snowdown collieries, and at the latter have the 
following proximate compositions : moisture 
0-S-1-7, ash 2-5-7-5, fixed carbon 63-75, 
sulphur 1-0-1-3, volatiles 21-2S%. At Tilman- 
stone, the raw coal from the “ Five-Foot 
Seam ” contains about 1% of moisture and 
about 6% of ash. and the dry ashless coal 
contains : C 85-0, H 5-0, N 1-2, S 2-4 and O 
6-4% with C/H 17-0. It has been estimated 
that the total reserves exceed 2,000 million tons, 
and in 1933 the output was 1-92S million tons. 

(5) Staffordshire, divided into (a) North 
Staffordshire (100 Eq. miles), and (6) South 
Staffordshire (150 sq. miles). In the Xorth 
Staffordshire area the sequence of upper, middle 
and lower coal-bearing measures underlain by I 
the Mills tone Grit and Carboniferous Limestone 
is complete although much broken by faults. 
With the exception, however, of two seams which 
have been worked along the eastern boundary 
in the lower portions of the measures all the 


principal workable seams (fourteen in number) 
occur in the middle portions of the measures and 
most of them average 6 ft. in thickness. They 
yield good coking as well as gas, honse and 
furnace coals. Some of the seams are worked 
in conjunction with the Black Band ironstone 
found in the coal measures in this area. The 
reserves are estimated at 4,500 million tons, and 
the a nn ual outputs since 191S have usually varied 
between about 5-5 and 6-5 milli on tons. 

The South Staffordshire, area is divided by a 
fault into a northern and a southern section. 
The northern section contains some fourteen 
workable seams in the middle portions of the 
measures ; towards the south the measures 
thin out considerably and a number of the 
individual seams are found to have converged, 
finally forming the once famous Dudley Ten- 
Yard Seam. Neither Millstone Grit nor Car- 
boniferous Limestone occur below the coal- 
bearing measures. The coals include both gas, 
house and furnace varieties ; neither steam nor 
hard coking coals are found. In places the coals 
have been damaged by igneous intrusions such 
as that of Eowley Kegis. The total reserves 
are estimated at about 1,415 million tons and 
the annual outputs since 1918 have usually varied 
between 1-4 and 2-0 million tons. 

(6) Wanriclshire . — This coal-field comprises 
an area of about 60 sq. miles in the north and 
north-east of Warwickshire, between Tamworth, 
Nuneaton and Coventry, in which the sequence 
of the Carboniferous rocks is the same as that 
found in South Staffordshire (q. r.). The total 
thickness of the productive measures is greatest 
in the north, where also the individual seams are 
most numerous ; towards the south the measures 
get thinner and some of the separate seams con- 
verge to form much thicker ones, as in South 
Staffordshire. The coals are generally oxidised 
and, therefore, non-coking, with a high percent- 
age of volatiles. The reserves are estimated at 
about 1,125 million tons, and since 1918 the 
annual outputs have mostly varied between 4-5 
and 5-3 million tons. 

(7) Leicestershire . — The exposed coal-field in 
north-west Leicestershire covers an area of 
about 30 sq. miles, beyond and around which, 
however, the coal measures continue for another 
54 sq. miles as a concealed field under later 
Triassic rocks. Unlike the coal-bearing mea- 
sures in South Staffordshire and Warwickshire, 
those of Leicestershire are underlain by Mill- 
stone Grit and Carboniferous Limestone. The 
coals are free-burning and similar in type to 
those of Warwickshire. The estimated reserves 
are 1,S25 milli on tons and the annual outputs 
since 191S have usually varied between 2-0 and 
3-2 million tons. 

(S) Yorkshire, Derbyshire ar.d Xcttinyhcnshire. 

This, perhaps the largest of all our British 

coalfields, comprises an area of SOS sq. miles 
of exposed and 1.32S sq. miles of concealed 
measures. The expo'ed measures stretch in an 
unbroken line for a distance of 65 miles from 
Leeds in the north to Nottingham in the south, 
the breadth being about 23 miles at its maxi- 
mum towards the north, and about 10 miles at 
its minimum near the southern end. Tbrouzh- 
. out the orc3 the sequence of the Carboniferous 
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System is complete, and coals have nowhere 
been affected by igneous intrusions The upper 
measures have been, proved m boring operations 
under the New Red Sandstone, but they are 
everywhere unproductive of coal The chief 
workable seams nearly all belong to the middle 
parts, although one or two important 6eams 
occur m the lower parts of the measures The 
coals are highly bituminous, with from 25 to 45% 
of volatiles, and, although varied m character, 
are nearly all of high grade quality. Some of 
the best English house and gas coals, as well as 
good coking and steam coals, are derived from 
the different seams in this field Speaking 
generally, most of the seams found north of 
Sheffield have marked coking properties, al 
though none of the coals yields so good or hard 
a metallurgical coke as do the famous Durham 
coking coals South of Sheffield the coking 
properties of the coals dimmish, but their gas 
making quahties improve In the southern part 
of the field (Notts ) the seams have apparently 
been oxidised, and although the coals obtained 
from them yield a large amount of gas, they are 
non coking The concealed measures extend 
eastwards from the exposed measures and 
include (m Yorkshire) collieries adjacent to the 
INER mam line between Bawtry, Doncaster 
and Selby Full reports have been made by 
the Fuel Research Board on the “ Barnsley,” 
“ Beeston,' Deep Hard,” “ Parkgate ” and 
“ Silkatone ” seams m this field 

The field is the most prolific of all British 
coal fields, in 1929 and 1932 the outputs were 76 
and 62 million tons respectively After satisfying 
all requirements in its own area it exports bouse 
coals to London, gas coals to Birmingham, coke 
and coking coals to the blast furnaces at 
Scunthorpe and Frodmgham (Lines ) and steam 
coals abroad 

(9) Lancashire —An irregular area, much 
faulted and broken by an east to west anticline, 
extending from Burnley in the north to Ashton 
on Lyne on the south (with a long tongue pro 
jectmg southwards through Stockport to 
lukcciksdeiby, ana’ ifom ulhHam in tde eastf to 
St Helens in the west The total exposed area 
is about 600 sq miles The principal seams in 
the southern and central areas of the field are 
all found in the middle parts of the measures, 
the upper parts nowhere containing workable 
seamB The seams in the lower part of the 
measures becomo important in the northern 
districts in the neighbourhood of Accrington 
and Burnley The coals from the seams in the 
middle parts of the measures belong almost 
exclusively to the gas coal class and generally 
contain from 30 to 75% of volatiles Several 
of these Beams, notably the Yard Mine, Arley 
and Trencherbone, yield a fairly good coking 
coal The famous ‘Mountain Mine” seams 
occurring in the lower parts of the measures 
(Burnley and Accnngton) yield coals containing 
from 26 to 27% of volatiles, which produce a 
coke almost, if not quite, equal to the best 
Durham coke The Fuel Research Board has 
published detailed reports on the “Arley,” 

“ Mountain M me,” “King,” “Ravine,” “Smith” 
and Wigan Four Feet seams in this coal field 
The reserves m the exposed field have been esti 


mated at 4,238 million tons and contain the 
deepest workings in Great Britain (e g reaching 
3,500 ft at Pendleton Colliery, near Manchester) 
Its outputs since 1918 have varied between 13 
million and 20 milli on tons per annum, mostly 
for consumption within its own borders, but 
the minin g industry has been depressed gym 
pathetically with the cotton trade of Lancashire 

(10) North TFolea (Flintshire and Denbigh 
shire) — This field (area=82 sq miles) is similar 
in character to the Lancashire field All ths 
workable seams, however, are in the middle 
parts of the measures The coals are similar in 
character to those occurring m the southern and 
central portions of the field, they contain from 
33 to 35% of volatiles, and yield a fair quality 
of coke The reserves are estimated at about 
1,750 million tons and smee 1918 the annual out 
puts have usually varied between 2 6 and 3 5 
milli on tons 

(11) Durham and Northumberland — In the 
great northern region of which Durham and 
Northumberland form an important part, there 
is a development of coal seams (more strongly 
marked the farther north) in the equivalent of 
the Carboniferous Limestone, a feature which 
is absent in the Midland and Southern fields 
The total area of the field is about 800 sq miles 
In the Limestone Senes there are a few workable 
seams which increase in number and thickness 
from south to north, but in the mam part of 
the field the coal occurs chiefly in the middle 
parts of the measures The southern and western 
districts of Durham probably produce the finest 
coking coals in the world, yielding from 22 to 
28% of volatiles and comparatively small 
amounts of sulphur or ash The central district 
(Sunderland to Newcastle) produces fine qualities 
of gas and house coals The Northumberland 
seams are for the most part oxidised , they con 
tam a rather large amount of moisture and are 
non coking They are largely used for Bteam 
coals, and they are excellent as gas producer 
coals The Fuel Research Board has issued 
detailed Reports on the “ Mam and “ Yard " 
seamy in iVorcrlumdenknu' ana’ tile “jJkreiwwl 1 " 
and “ Hutton ’ seams in Durham 

The area supplies coking coals and coke to 
the Tees side and Cleveland blast furnaces and 
supports within itself great shipbuilding and 
engineering industries It exports gas coals to 
the London gas works and steam coals abroad 
The total reserves are estimated at 12 000 
million tons and since 1918 the annual outputs 
have usually varied between 40 and 62 million 
tons, being 62 5 million tons (maximum) in 1929 
and 40 million tons in 1932-33 (minimum), 
except for the two strike years, 1921 and 1920 

(12) Cumberland or Whttchaven Coalfield — 
The area of this field is 160 sq miles, and the 
character of the coals is in general similar to 
those obtained from the northern districts of 
Durham The reserves are estimated at 1,627 
million tons and the annual outputs since 1918 
have usually varied between about 1 4 and 2 4 
million tons 

(13) Scotland — The coal fields of Scotland ex- 
tend m a relatively narrow strip from the east 
of Fife to the western sea board at Ardrossan 
and Ayr, and occupy parts of the counties of 
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Fife,- Clackmannan, East, Midand West Lothian, 
Stirling, Lanark, Dumbarton, Renfrew and Avr. 
In contrast with the English coal-fields, in which 
tbs workable s earns occur almost- entirely above 
the Mills tone Grit, Scotland is the fortunate 
possessor of two coal measures, the one above 
and the other below the Grit ; and, parti cnlarlv 
in the East, the lower or Carboniferous Lime- 
stone measures are very productive. In Fife, 
in the small but highly min eralised Lothian area, 
and under the wide estuary of the Forth, there 
exist large resources of coal in these Limestone 
measures. A recent and authoritative estimate 
credits so me of the eastern collieries with 
resources equl valent to two or three hundred 
years’ production at the present rate of output, 
and. in one favoured instance, a thousand years' 
supply is computed to be vrithin reach.’ The 
greater part of the output co nsis ts of various 
kinds of bituminous coals, the remainder beins 
anthracite and canneh Most of the bituminous 
coal is non-coking and is sold for steam r aisin g, 
gas making, and household purposes. Valuable 
coking coals with a cc.hir.rj ir.dcx 1 above 16, 
occur, however, in a restricted area of the Lower 
Coal Measures occupying the north-east femge 
of the central coal-held, and extending over 
parts of the counties of Stirling, Lanark and 
Dumbarton. The resources of coking coal in 
that district are increased by the inclusion of 
coals wkh an index between 11 and 16 and of a 
character that makes them suitable for blending 
with the true cokers. Anthracite and semi- 
anthracite are mined chiefly in an expanse of 
the Lower Coal Measures lying to the east of 
Stirling, and a small amount of anthracitic coal 
is raised in other districts. Invariably rt is 
associated in Scotland with igneous sills that 
have been injected between the coal-bearing 
rocks — intrusions that increase the difficulties 
and uncertainties of mining and not infrequently 
render the seams worthless. Good splints and 
caunels are also produced. Xorth of the Tweed 
a splint is a hard coal which splits readily along 
the bedding planes and with difficulty in any 
other direction. It contains a considerable 
proportion of duE coal (r. p. 351c). Splints are 
perhaps the most characteristic of Scottish 
coals ; they are used for steam raising, furnaces, 
bakehouses and as house coal; their calorific 
value is high, and they are robust and therefore 
satisfactory for shipment. Scotland also yields 
more varieties of carrel or parrel coal than any 
other region of these islands, if not of the 
world. Though of little present value they are 
anain b eing sought for and tested with a view 
to utilisation for oil retorting, for which pur- 
pose some of them have special advantages 
in regard to the volume and quality of the oil 
they yield- Generally speaking, the bituminous 
coals of Scotland are high in volatiles, high in 
moisture and low in sulphur. Of recent years, 
electric power stations in densely populated 
districts, such as the London stations, have 
become constant buyers of Scottish coal in 
order to take advantage of its twin merits 
of reasonable price and low sulphur content. 

1 The cafcirr index is the emneer of grams cf sand 
that can he bound b~ one gram cf ccsl into a coherent 
lump containing not more than o’- of powder. 


The total reserves have been est ima ted as 
follows : 

Coal-field. WUH n-n tons 

Fifeshire and Clackmannan . 4,186 

Central (including La narkshire ) 2,604 

Ayrshire 1,032 

Midlothian 2,500 

Dumfriesshire 453 

Underseas 2,443 


Total 13.26S 


Since 191S the annual outputs have us uall y 
varied between about 28 and 3S milli on tons. 

Coal-fields of Germany (and Poland). — 
Before 1919 the principal Carboniferous coal- 
fields of Germany were those of (i) Upper 
Silesia, (ii) the Ruhr, and (iii) the Saar, as 
follows: (i) Upper Silesia (districts of Batihor, 
Betithen, Zabrze, Konigshutte, Laurahutie 
and- Pless). The Measures are 600 metres 
deep with seams 3-4 metres thick. The best 
coking coals are found near Zabrze eastwards, 
from which they gradually change into young 
gas coals near Konigshutte." and finally into 
non-coking gaming coals near . Laurahfitte. 
(ii) The Ruhr basin, stretching from the neigh- 
bonrhoodofHamminthe north-eastto the Rhine 
in the south-west. The field is much broken by 
faults, and the Older Measures, which yield the 
best coking coals, are, as a rule, uppermost. The 
Middle Measures yield gas coals, and the Lower 
Measures non-coking varieties. The coals of 
the Ruhr basin contain 84-9 of organic 
matter, of which C S3-1-S7-I and H 5-27-5-68%. 
(in. ) The Saar district. The Upper and Middle 
Pleasures are both thin and yield non-coking 
and flaming coals, the Lower Measures are thick, 
and yield (especially the deepest) very good 
caking and coking coals. The ash in Saar coals 
varies between 1-5 and 4-5% as a rule, occasion- 
ally running up to 7-7%. The carbon varies 
between 70 and 84%, and the hydrogen between 
4-6 and 5-2%. 

Coal-fields of the United States. — The 
chief coal-producing States arranged in descend- 
ing order of productivity are as follows : 

(1) Pennsylvania has two distinct- coal-bearing 
areas, one bit umin ous and the other anthracitic- 
The bit umin ous regions in the west of the State 
contain all grades of steam, gas ma kin g and 
domestic coals. Am ong these, in Fayette 
County, is the Cormellsville in the Pittsburgh 
bed, with an ash content less than 10% and 
volatile matter avera ging 30 %, while the sul- 
phur rarelv exceeds 1%, and nitrogen averages 
1-50%- The coke from the ConnellsviDe coal 
is greatly valued as a metallurgical fuel. The 
anthracite is in the north-east of the State. 
In 1929 the production of anthracite was 
65 900.000 tons, and of bituminous coal 
125^00,000 tons. 

(2) West Virginia includes a large portion of 
the Central Appalachian region, which provides 
high-grade steam coals, some of which are suit- 
able for coking. The coal beds are a continca- 
tjotL of the Pittsburgh bed in Pennsylvania in 
B-coh and Favette Counties. Analvses show 
C74S6, H 4 -0-5-2, N I-0-1-7. S 0-5-1-2. ash 
4-6-11-3%, and calorific values=13.736-15,190 
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B Th U. per lb In Hamson County, still in 
the Pittsburgh bed, coal 13 found containing 
on an average 4% of sulphur, with volatile 
matter about 40%, and ash 9 1% In 1929 the 
production was 123,600,000 tons 

(3) Illinois includes the greater part of the 
eastern interior coal region, which extends from 
Bock Island and Wilmington (HI ) in the north 
to central Kentucky m the south and from the 
Mississippi river m the west to Williamsport 
(Ind) and Cannelton m the east The coal is 
rather low grade and weakly coking, containing 
C 64-76, H 4 6-6 3, N 0 8-12, S 13-4 6, 
O 12 0-18 6, ash 12 0-24 0%, calonfio value 
*=9,929-11,907 BThU per lb The proximity 
of the field to Chicago and St Louis enhances its 
economic importance In 1929 the production 
was 54,200,000 tons 

(4) Kentucky — The eastern part includes part 
of the Central Appalachian Coal Region (ti (2) 
Weal Virginia) and part of the eastern interior 
field in the west Both the eastern and western 
regions yield good steam and coking coals, the 
eastern region being, in this respect, superior 
to the western the coke of the western region 
has too high a sulphur content to be of much 
use as a metallurgical fuel In 1029 the pro 
duction of Eastern Kentucky was 41,100,000 
tons, and of Western Kentucky 12,900,000, or a 
total of 64,000,000 tons 

(6) Ohio — The coal fields are in the eastern 
part of the State, occupying the territory between 
the shore of Lake Erie in Geanga and Lake 
Counties south west to Scioto and Lawrence 
Counties on the Ohio river Approximately 
one third of the State contams coal bearing 
rocks These fields occupy the western rim of 
the great Appalachian trough This trough 
extends 850 miles south west from Northern 
Pennsylvania to Central Alabama and has a 
maximum width of 180 miles The Ohio fields 
contain 11 coal beds The coals are of a good 
steam class with high sulphur content In 1929 
the production was 21,180,000 tons 
(6) Indiana includes the eastern section of the 
eastern interior coa’i ne;a (Yj Illinois) Tnree 
kinds of coal are found “ block,” cannel, and 
bituminous During the period 1914-18 the 
production reached a maximum of 26,800,000 
tons, but since then it has declined until m 1929 
it became 16,380,000 tons The coal is good for 
power production in large central power plant 
for railway, gas making and domestic uses 
{7} Alabamh includes the Appalachian coal 
region of which the Wamor field is the greatly 
expanded southern end, and the mam pro 
ductive part includes the four counties Jefferson, 
Walker, Tuscaloosa and Fayette Its known 
area is computed at 4,000 sq miles, while the 
probable area is believed to be greater than this 
The Cahaba is a narrow field extending north 
east to south west, and is separated from the 
Wamor field by the Birmingham Valley Its 
area is about 350 sq miles The Coosa field is 
south east of the Cahaba field, separated from it 
by the Cahaba Valley The Plateau field is less 
well defined, being m part the north westward 
continuation of the Wamor field The entire 
area is estimated at 3,000 sq miles Over 99% 
©f the coal mined is from the Cahaba and W amor 


fields and serves for steam raising, coking, rail 
ways and domestic heating Over 85% of it is 
consumed within the State About 35% of the 
annual output is coked m by product ovens, the 
bulk of the coke being consumed in the blast 
furnaces of the Birmingham district In 1629 
the total production was 16,200,000 tons 

(8) Virginia — The Virginian coal regions are 
much scattered They are the south west 
Virginian fields, the Valley fields, and the 
Richmond basin They include part of the 
Great Appalachian bituminous to semi 
anthracite field The beds are tilted and the 
workable area is small The coal has long been 
mined A considerable tonnage is shipped by 
water to New York and to New England ports 
The higher grades from the south west fields 
are much esteemed as steam coal In 1929 the 
production was 11,390,000 tons 

(9) Colorado — This is the most important 
coal producing State west of the Mississippi , 
the coal is a black lignite, which rapidly die 
integrates on exposure to air, so that it will not 
stand transport satisfactorily. In 1929 the 
production was 8,850,000 tons 

(10) The Kansas and Missouri coal fields are 
in the eastern part of the State, while the most 
important deposits he on the Kansas-Missonri 
boundary The major part of the Kansas pro 
duction is used for steam raising It is a good 
locomotive fuel and the railways are its largest 
single consumers 1 Dead coal” mined along 
the outcrop is much m demand for zme smelting 
because of its non coking properties There 
is heavy competition from natural gas, and also 
from coal from Oklahoma and Arkansas In 
1929 the total output was 6,250,000 tons 

(11) Wyoming contains more coal than any 
other State The coals /anga from low rank 
sub bituminous to high rank bituminous The 
coal formations in Wyoming are Cretaceous and 
Tertiary in age, and are usually broad synclinal 
basins lying between mountain ranges Esti 
mates by the U S Geological Survey show the 
amount of coal available as 699 million tons, an 
inexhaustible supply ol low and medium raid* 
coal Wyoming has been a pioneer in the 
development of mechanised mining and has led 
all other States since 1928 The bulk of the coal 
is consumed by the railways, with domestic 
consumption next in importance In 1929 the 
production was 5,985,000 tons 

(12) The Tennessee coal fields are in two district 
areas, the north eastern field and the main 
Cumberland Plateau field In the former there 
are sharp crested ridges reaching elevations of 
3,600 ft above sea level Contrasted with this, 
the Cumberland Plateau field is a broad upland 
ruing to 2,000 ft above sea level The coal of 
the Tracy City district yields good coke, while 
the Bon Air districts give excellent domestic 
and steaming grades The greater part of the 
coal mined comes from the north eastern field 
In 1929 the production was 4 830,000 tons 

(13) The Arkansas and Oklahoma coal district 
is known as the Spadra It contains the Harts 
home eeam which is of Carboniferous age 

(14) Utah — Carbon County is the source of 
more than 90% of the coal mined in Utah The 
coal is high grade bituminous and is excellent 
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as a domestic and steam-raising fuel ; most of it 
can be ignited with paper without wood kindling. 
The coal from Castlegate is a good coking variety. 
In 1929 the production was 4,610.000 tons. 

(15) Iowa. — The coal-bearing beds belong to 
the Pennsylvania series of the Carboniferous 
System. The Des Moines river flows south-east 
and cuts through the coal series. Iowa coal is 
low-grade and non-coking bituminous, carrving 
considerable sulphur in the form of pyrites 
(FeS 2 ) and gypsum. Iowa coal is used for 
locomotives, domestic purposes and power 
production. There is a good deal of competition 
from Il l i nois. In 1929 the production was 

3.790.000 tons. 

(16) Montana fields are distributed through 
the plains in the eastern and northern areas of 
the State, and the mountain regions in the 
central, southern and south-western parts of 
the State. Most of the Montana coal is used 
as railway fuel ; some is consumed for domestic 
purposes and for smelting. The production in 
1929 was 3,040,000 tons. 

(17) Maryland. — The coal-fields lie in the 
western part of the State (Allegany and Garrett 
Counties) and are an eastern outlier of the main 
Appalachian coal-field. The major part of Mary- 
land production is used for steam-raisins, and 
lesser quantities are consumed for domestic 
heating, smithing and the manufacture of by- 
product coke. There is much competition from 
Pennsylvania and West Yiriginia. In 1929 the 
production was 2,36S,000 tons. 

(18) Washington. — The coal districts are 
generally west of the Cascade Mountains. The 
mines are on the foothills of the slope and reach 
out to Puget Sound in the central and northern 
sections. The amount of alteration a coal has 
undergone seems to be roughly proportional to 
its distance from the Cascade Mountains. The 
sub-bituminous coals of Bucoda, Tono, Mendota, 
and Castle Rock, occur in a region of low relief, 
in which the Eocene coal has been but slightly 
disturbed. The railways absorb the largest out- 
put of coal, and next the domestic consumers, 
public utilities and cement mills. In 1929 the 
production was 2.252,000 tons. 

(19) New Mexico coal is of Cretaceous age, and 
situated in Colfax, McKinley, Rio Arriba, 
SandobaL San Juan, San Miguel, Santa Fe, and 
Socorro Counties. In 1929 the production was 

2.340.000 tons. 

(20) Texas coal is bituminous and lignitic, and 
is situated as follows : The bituminous coal is 
mined in Medina and Robertson Counties, while 
the lignite is taken from Houston. Milarn and 
Wood Counties. The lignites will not stand 
handling and arc briquetted. In 1929 the pro- 
duction was 9S3.000 tons. 

In comparing American with European coal- 
mining conditions and outputs, it should always 
be home in mind that generally speaking Ameri- 
can Carboniferous coal seams are much thicker 
and nearer the surface than the corresponding 
seams in Great Britain and Western Europe. 

Tim Cnrinc.u. Comtositiox a>-d Co.\srrrrnON 
of Coal. 

From what i= known of their oririn and mode 
of formation it may be anticipated that all conk*. 


whatever their geological age, will contain 
(1) various combustible organic compounds, 
complex in structure and of high molecular 
weight, representing the degradation or trans- 
formation products of the vegetable debris from 
which they were derived ; and (2) variable 
amounts of mineral matter, which give rise to the 
a s h remaining when the coal is burnt, and 
which represent partly the small amount of 
mineral matter in the original vegetation or the 
soil in which it grew, and partly also other 
associated mineral matters either deposited 
contemporaneously with the coal-field or subse- 
quently introduced by infiltration. 

The various organic bodies which together 
form what is sometimes termed the “ coal-sub- 
stanee ” all consist chiefly of the elements carbon, 
hydrogen, oxygen, nitrogen and sulphur, the 
relative proportions of which may be determined 
with considerable accuracy by the usual methods 
employed for the analysis of organic compounds. 
But the ascertainment of the nature of the 
various complexes which make up the coal-sub- 
stance, and still more so of the relative pro- 
portions in which they are present in any 
particular coal, is a problem beset with diffi- 
culties. 

Coal, when freshly mined, often contains 
much water (“ pit water ”) and some occluded 
gas. Most of the water is lost on air-drying, 
the moisture -content of the air-dried coal de- 
pending on the nature of the coal itself and also 
on the hygrometric state of the atmosphere. 
The remainder of the water is completely lost 
when the finely divided coal is maintained for a 
short time at 105 C C. The occluded gas may 
be withdrawn by continuous exhaustion of the 
finely divided coal either at the ordinary tem- 
perature or at 100 C C. From a Durham coal, 
P. Bedson obtained 1-6 c.c. of gas per g., having 
a composition: CO, 4-35, C,H g 6-65, CH 4 
71-15, O, 2-SO, N„ 15-05%. From a Lancashire 
coal (Lower Mountain Aline), R. Y. Wheeler 
obtained 1-375 c.c. of gas per g., containing 
NH 3 0-5, H,S 0-5, C,H 4 0-4, CO 2-1, C,H g 
8-10, CH 4 80-35, O, 0*4 and N, 7-65%. More 
recently, F. Fischer, K. Peters and A. Wamecke 
(Brennstoff-Chem. 1932, 13, 209) have drawn 
attention to the fact that the nitrogen contained 
in the gas from blowers and fire-damp may con- 
tain twice as much helium as is contained in 
atmospheric nitrogen. They suggest that such 
helium has a “ fossil ” origin and that the 
helium content of the gases may provide a means 
of determining the absolute age of coal. 

The mineral matter in coal varies greatly in 
amount, composition and fusibility. It occurs 
in two distinct forms, one finely divided and 
more or less uniformly distributed through the 
coal substance (“ inherent ” or “ intrinsic " 
mineral matter), the other segregated in bands 
or lumps (“ extrinsic ” mineral matter) and 
usualiv consists of shale (sp.gr. 2-5), together 
with some pyrites (sp.gr. 5-0). gypsum (sp.trr. 
2-3), calcite ('p-gr. 2-7) and sidente (sp.gr. 3-S). 

If unduly great in amount, easily ftiribK or 
highiv pyritic. the mineral matter may affect 
detrimentally the commercial value of tbe coal. 
The intrinsic mineral matter originated in the 
inorganic salts essential to plant life which 
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Table IX — Initial Decomposition op 
Brown Coals and Lignites 


Coal 

Oil 

point 

*0 

Vi eights 
evolved per 
100 g of 

dry dewaxed 

coal 

1 substance 

Per 
cent 
age 
COj 
In gas 

Mol 

ratio 

H ‘SI 

ex 



Qas | 

Steam 

ved 

uund 

Morwell brown 1 
coal 

German brown 

Rhenish 

Saxon 

Saskatchewan 
brown lignites 

375 

/ 260 
1300 
/ 288 
1275 

320- 

300 

07 j 

40 1 
6i ; 
40 
30 

45 

5 5 

50 

40 

35 

38 

46 

00 0 ! 

03 2 

01 4 
00 0 

02 9 

70-76 

2 2j 

26 

17 

20 

25 


Table X — Gases Evolved from Mouwell 
Coal moo at N T P per 100 a Dry 
Coal Substance • 


Temp 

range 

HjS 

co 2 

CO 

CnHm 

PJ 

d 

H 2 

Up to 375 
376-500 
600 700 
700-850 

66 

140 

101 

60 

3 200 

4 685 
610 

2 316 

103 

1 422 

2 216 | 
2 580 | 

42 

70 

376 

1674 
2 608 
1010 

2 110 

6 050 

Totals 

362 

10 610 

6 370 

488 

6 380 

8160 


To 

376*C 

375- I 
600®C 1 

600- 

700*C 

700- 

8jO*C 

Grams oxygen 
evolved as 
CO. + CO 

H 2 <5 

4 83 

4 87 

7 62 

1 98 

2 35 

123 

610 

134 


It should bo noted that of the four principal 
gaseous products (CO,, CO, CH 4 and H t ) in 
each temperature range ( 1 ) tho carbon dioxide 
('accompameuf Ay mime CO and taach H»Of was 
the chief gaseous product below ana much 
beyond the Oil point (375°C ), and that from 
three quarters to six sevenths respectively, if 
it had been evolved below 500° , ( 11 ) next 
appeared methane which was moat freely 
evolved between 400° and 700°C , and (ui) com 
paratively speaking, hydrogen was a late comer, 
being most freely evolved, together with carbon 
monoxide above 700°C The thermal decora 
position had practically been completed by the 
end of the experiment, during which almost all 
the oxygen in tho coal had been expelled as 
steam and oxides of carbon 
With increasing maturity of tho coal sub 
stance, not only do tho three successive effects 
of heat already referred to overlap more and 
more, but, because of tho first stage (i) above 
becoming Jess important both relatively and 
progressively, with diminishing oxygen content 
they become almost indistinguishable with well 
matured bituminous coals 
Burgess and W heeler (J C S 1010—13) working 
chiefly with a South \ orkshiro (Altofts) Silk 
■tone coal, established 350°C as the Initial tem 


perature of thermal decomposition of the mam 
coal substance, a point which was marked by 
an abrupt and rapid increase in tho evolution of 
gases Up to such temperaturo only small 
quantities of occluded gases wore evolved, 
although water began to bo eliminated at 200®C , 
sulphuretted hydrogen at 270°, and oils at 310° 
Tho last named were considered as having been 
merely liquated out of the coal conglomerate 
They also proceeded to study in detail (i) the 
rate of gaB evolution, (n) the total volume of gas 
and its composition, (m) tho amount of tar 
yielded by the coal at various temperatures 
between 460° and 1,100°C It was found that 
(l) the evolution of methane and other paraffin 
hydrocarbons, which had boon vigorous above 
350°, almost ceased at 700° , (n) that there was a 
well defined “ critical temperature ” at about 
7D0°C marked by an abrupt and rapid increase 
in the evolution of hydrogen , and that (m) the 
evolution of carbon monoxide more or less 
followed that of hydrogen throughout Similar 
results were obtained with a South Wales (Aber 
tillery) coal Similar results have been recorded 
by other investigators both in Trance and the 
United States 

In a later paper It V Wheeler (Cliem and 
Ind 1931, 50, 345) took the following viow of 
the course of distillation of a typical bituminous 
coal, the * decomposition point ” of which he 
found to increase with its carbon content from 
290° up to 305° 

" The course of the distillation of a typical coal 
is as follows Over a range of tomperature 
beginning at about 220°C , and completed at 
about 300°C , there is a simple distillation of tbs 
hydrocarbon oils already present In tho coal 
lhcso oils correspond closely in nature and 
quantity with those obtained by extraction of 
the coal At a temperaturo of, say, 300° (which 
varies from coal to coal) there is a woll defined 
decomposition point of tho coal substance, 
marked by tho formation of much gas wator 
and oils This decomposition completes itself 
over a narrow range of temporaturo As the 
temperature re ArrtfAer rmuucf to 320-33(? a C ib* 
resins present in tho coal distil in tho water and 
oil vapour which is being simultaneously 
evolved, giving ether soluble material very little 
changed from that present in and extractabto 
from the coal The resistant plant skins present 
m tho coal are decomposed over tho range 300- 
320°, giving nso to a comparatively large yield 
of tar, mainly of unsaturated hydrocarbon typ«* 
similar to that which can bo obtained by dis 
filiation of modem plant skins Tho yield of 
this portion of tho tar naturally depends on the 
proportion of such skins, mainly sporo exincs 
in tho coal, and is small with a bright clarain 
and large with a dura in ” 

" Tho most interesting fcaturo disclosed by 
distillation is the well defined and narrow range 
of truo chemical decomposition, as distinguished 
from mere distillation of volatile matter already 
present Tho decomposition point coincides 
with a marked change in tho nature of tho coal 
residue, which is evidenced, for example, in a 
marked enhancement of its oxidisabihty and 
reactivity in general, and in an increased responso 
to the solvent or dispersing action of pyridine 
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ditions the j8 fraction may assist It is, however, 
generally agreed that the a fraction, t e the m 
soluble residue of a pjndine extracted coal, is 
quite devoid of coking propensities Researches 
by Bone and co workers have shown that in 
order to obtain reliable results, it is absolutely 
essential that the pyridine be pure and an 
hydrous and that, during the extraction prpeess, 
free oxjgen be totally excluded from the ex 
traction apparatus Various general obser 
vations have also shown that, besides any 
ordinary solvent action which pyridine may 
have upon the resimc constituents, which is 
probably fairly rapid, it also at the same time 
slowly attacks and resolves mto simpler mole 
cular, aggregates the complex structure of the 
coal as a whole Vignon (Compt rend 1914, 
158, 1421) studied the solvent action of aniline 
(b p 180°G ) and quinoline (b p 238°C ) on coal, 
and reported that of quinoline to be nearly three 
times as great as that of pyridine and twice 
that of aniline at their respective boiling points, 
which again suggests some “ unbuilding ” of 
the coal substance So far the only solvent 
extraction process of much chemical value is 
the benzene-pressure extraction originally intro 
duced by T Fischer and W Gluud, but im 
proved later by W A Bone and collaborators 
Fischer and Gluud extracted coals with benzene 
at temperatures and pressures (275° and 60 
atms ) approximating to the critical values of 
the solvent , but, not using the Soxhlet principle, 
their process was never complete and subse 
quently they divided their extracts into two 
fractions only, namely, “ (Elbitumen ” soluble in 
light petroleum, and Festbitumen " insoluble 
therein Bone and his collaborators mtroduced 
the Soxhlet principle at 600 and 700 lb per sq in 
(which enables the extraction to be earned to 
completion), and subsequently resolved the 
crude extract mto four fractions, as follows 

Concentrated Benzene Solution of Crude Extract 
Poured Inty Light Petroleum (b p 40° 60) 


Soluble Insoluble 

_ I , I 

Benzene free Ethyl Alcohol 

Light Petroleum 


Soluble Insoluble Soluble Insoluble 
Fraction I Fraction II Fraction III Fraction IV 

They gave greater precision to the method, and 
extended its application to the elucidation of 
such questions as the nature, origin and develop 
ment of the constituents of bituminous coals 
responsible for their coking propensities The 
four fractions resulting from bituminous coal 
are characterised as follows 
I A yellow brown uscour and usually non 
nitrogenous neutral oil of vaseline like con 
siatencj, with C/H ratio usually <10 and low 
O content , soluble in light petroleum and 
apparently aliphatic in constitution It may be 
divided into (a) and (6) according as itis volatile 
or not m steam 

II. A reddish brown amorphous solid, soften 
tng point usually below GO® with C/H ratio 

s 


circa 13, soluble in a mixture of 1 part benzene 
and 4 parts light petroleum (Fractions I and 
II are both combined in Fischer s “Wlbitumen ”) 

III A usually non nitrogenous, reddish brown 
solid uith resinous lustre softening usually below 
150°, with C/H ratio circa 12 5, insoluble in light 
petroleum (with or without benzene), but soluble 
in ethyl alcohol 

IV A neutral amorphous cinnamon broun 
nitrogenous powder insoluble in light petroleum 
or ethyl alcohol, softening usually between 150® 
and 250® with C/H ratio >-15 and undoubtedly 
of a benzenoid character (Fractions III and 
IV are Combined in Fischer’s “ Festbitumen ”) 

The important feature of these fractions is 
that while I never (and II but seldom) has 
any “ binding ” properties, both i III and 
IV alwajs have, and that it is the two last 
(but especially IV) which chiefly determine 
the coking propensities of bituminous coals 
The residue after the benzene-pressure ex 
traction, which usually constitutes over 85% 
of the total coal substance, is alwajs entirely 
devoid of coking propensities 

Semi bituminous and anthracitic coals yield 
little or no benzene-pressure extract Sub 
bituminous coals, lignites and brown coals, 
while always yielding Fractions I and II in 
proportions usually comparable with (and some 
times even greater than) those of bituminous 
coals, are either deficient m Fraction III and IV 
or do not yield them at all, in the latter case (e g 
brown coals) they yield instead of III, phenolic 
esters (III'), and instead of IV, phenolic and/or 
complex acidic bodies (IV') Indeed there is 
already strong presumptive evidence that the 
constituents of bituminous coals chiefly respon 
sible for their coking propensities originated in 
the phenolic bodies found in the less mature 
brown coals Table XIII summaries the yields 


Table XIII — Yields of Benzene- 
Pressure Extract 



| Yield of fraction 

Total 

C/H 

ratio 


I 

II 

III 

IV 

jield 

In dry 
residue 

Brown Coal 

Morw ell Brown 

35 

1 5 

10' 

go 1 

15 0 

19 2 

Saskatchewan . 
Brown Llg i 
nit* 

1 65 

03 

0 3* 

2 25 1 

45 

19 6 

Ligmtie Coals 
Alberta Black 

I 3 

1 3 

1 2 

05 

43 

20 3 

N Zealand sub 
bituminous 
(non coking) 

20 

1 7 

2 4 

1 2 

82 

- 

Bituminous Coals 
Shafton (weak 
)y coking) 

3 5 


23 

27 

10 0 

16 6 

Barnsley (cok 

Z2. 

0 6 

04 

5 1 

s’a 

- 

Busty 

Durham 
(a t ronglv 
coking) 

33 

30 

0 0o 

0 2o 

156 

19 5 









1 Not true Fraction III or IV but the phenolic 
bodies from which they have been developed in 
more mature coats 
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of benzene-pressure extracts from the different 
classes of coals referred to. 

It does not necessarily follow from the ex- 
perimental evidence that the phenolic bodies 
extracted front such brown coals were present 
in the free state therein: on the contrary, they 
seem more likely to have been, present in some 
loose molecular association tvith the main coal 
substance, though as yet this is tmproven. 
There is. however, much presumptive evidence 
for the view that the agglutinating Fractions III 
and IV yielded by sub-bituminous and bitu- 
minous coals have originated in the phenolic- 
bodies found in Fraction III' and IV' of brown 
coals. And if. as now seems probable, such 
agslutinants so arise, during the maturing of 
coals, it was to be expected that some " inter- 
mediate " tvpes of coals would be found in which 
Fractions III, IV. Ill' and IV' co-exist. 

A.n example of such an * ' intermediate ’’ type of 
coal has recently been furnished by the black non- 
la minaied (apparently well-matured) lignite from 
Xam 51a, Shan States. Burma (Xo. 10, Table II'), 
which gave on extraction 11-10% of total extract 
resolvable as in Table XIV, as follows : 

Table XIV. — Results or BEXzmrE-PBESsrBE 
Extea cnox of Xaji 5Ll (BrujiESz) Black 
Lxgxtte. 


Referred to the Dry- Ashless Coal 
Substance. 


Fraction.* 

i 

V. 

C. 

H. 

N. 

s. 

O. 

I (a) . ! 

0-1 


Xo analysis mads. 


I {:■) - > 

1-6 

S'2‘3 

9-S 

trace 

0-45 

7*25 

II - i 

It 

76-25 

S-6 

0-25 

0-30 

14-60 

m . 1 

0-15 

7 1 -3 

S-75 

0-95 

0-7 

12-3 

IV . | 


77*5 

S*3 

0-5 

0*75 

12-95 

Hi' . : 

3-45 

SupouIrLsble 

e=ters 

apparently 

t 



011% 




IT'. . | 

4-0 

Airaii- 

soluble 

fcodiss 

of phenolic 


nature. 


i 


Fractions I and II resembled both analrta- 
tivelv and Quantitatively those from other im- 
mature coals previously exa mi ned. The pre- 
sence. however, of bodies akin to Fractions III 
and IV in the neutral extract from a coal which 
also nave phenols and phenolic esters (Fractions 
15"' and HI') indicated an intermediate type of 
extract. The compositions of Fractions HI 
and IV diff ered from what would have been 
expected from a coal of the degree of maturity 
disclosed bv the extraction results. The carbon 
and (more particularly) hydrogen contents were 
hisher. and the oxygen was lower, than would 
have been predicted: also the compositions of 
the two fractions approximated much more 
closelv than usual. Judged in the light of 
previous results, the prototypes of Fractions Id 
and IV derived from the least mature coals in 
which these fractions occurred might be ex- 
pected to have compositions approximating to : 


J 

C- H. 

I 

P* 

- 

per cent. 


Fraction HI. i 

70-74 ; 5-6 

above 19 

Fraction IV . 

i below 77 ; 5-6 

above 16 


In addition, the Fraction EH, having been pre- 
pared from a neutral extract which had been 
previously treated with alkali, was neutral and 
therefore chemically different from the corre- 
sponding fraction of an extract of a bitu min ous 
coal or matured lignite type. 

Although this is the first clear example of such 
an intermediate ” type of coal among those 
1 so far investigated in the Imperial College 
Laboratories, similar instances have been 
indicated elsewhere. So that altogether the 
view that the agglutinating fractions of bitu- 
minous coals originated in the phenolic bodies 
extractable from brown coals mav now be 
regarded as well established. 

(b) (iii) Chemical Degradation of the Coal 
Sab-stance . — It has long been known that carbon 
dioxide, oxalic and acetic acids are among the 
products of even comparatively mild oxidation 
of coal; thus as long ago as 1829, Gav-Lussac 
obtained oxalic- acid by oxidation of coal with 
i nitric acid. It was not. however, until about 
1920 that any marked advance was made, when. 
Fischer and his associates oxidised coal sus- 
pended in an alkaline medium by air under 
pressure, obtaining small yields of a number of 
acids which indicated that the benzene nucleus 
formed an important unit in the chemical struc- 
I ture of coals. Later, Francis and Wheeler 
| (J.C25. 1925, 127, 2236), from the oxidation of 
" soluble coal ulmins ” with hydrogen peroxide 
and dilute nitric acid, obtained oxalic, succmic 
and small amounts of picric, pyromellitic and 
(possibly) trimellitic acids. Bone, Horton and 
Ward (Proc. Roy. Soc. 1930, 127, A, 4S0) and 
Bone. Parsons. Sapiro and Groocock (ibid. 1935, 
148, A, 492), continuing the work of Bone and 
Quarendon. studied the alkaline permanganate 
oxidation of the residues left after the benzene- 
j pressure extractions of coals, achieving for the 
first time, complete oxidation of the coal sub- 
stance to identifiable products. They also ex- 
i tended the work to determinations of the quanti- 
i tative distribution of the carbon in the coal 
substance among the oxidation products. The 
products of the alkaline permanganate oxidation 
included, invariably, carbon dioxide, acetic and 
oxalic acids, occasionally succinic acid and, at 
one time or another, all the possible benzene 
carboxylic acids with the exception of benzoic 
acid. In general, throughout the peat -> coal — 
anthracite series, the more matured the coal 
I substance, the less readily it is oxidised. The 
! results of the researches may be summed up as 
' follows : 

(1) The experiments have proved conclusively, 

i not only the essentially henzenoid character of 
i the main coal substance, but its progressive 
development throughout the lig nin -e- peat 
- 5 - coal -> anthracite series, as the summarised 
results in Table XV show. 

(2) In general, the ratio between the benzenoid 
and oxalic acids produced increased with the 
maturity of the coals. 

(3) Some small proportion of succinic acid 
resulted from the oxidations of peats and brown 
coals, but not- from lignins, bituminous coals 
and anthracites. It may have arisen from the 
oxidation of resins associated with the peat or 
brown coal. 
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Table XV — Carbon Balances 
-►Anthracite Series 


Percentage 
of the 
carbon 
oxidised to 

Xiguin 

Peats 

Brown 

coats 

and 

lignites 

Bttu 

mlnous 

coals 

Ar.thra 

cite 

(1) co 3 

67-00 

49-01 

4j-5? 

30-42 

43 

(2) Acetic 

2 •> 6 0 


3 0-7 6 

la-4 5 

o 

(3) Oxalic 

21-21 


9-23 

13-14 

- 

(4) Benzene 
carboxylic 
acids 

12-10 

10-25 

22 34 

39-46 

50 

Approx 
ratios of 
(4) to (3) 

0 5-0 75 

0 04-0 9 

15-2 0 

30 

70 


(4) While at one time or another every 
benzene carboxylic acid, except benzoic acid 
itself, has been isolated from the oxidation pro 
ducts, in every case so far examined the pcnta 
or hexa carboxylic acid has preponderated over 
the others Only, how ever, with anthracite did 
the proportion of hexa appear to exceed that 
of the pcnta carboxylic ncici in the products 

(6) While no phthahe acids were detected 
among the benzenoid acids produced from 
lignins, and comparatively small proportions 
among those produced from peats and brown 
coals, fair proportions thereof were found among 
those produced from bituminous coals and 
anthracites 

(6) The large proportion of both the benzeno 
penta- and hexa carboxylic acids among the 
oxidation products of coals indicates tbe pre 
ponderance in the coal substance of such benzen 
oid carbon complexes as 



I 




while the other acids might arise from simpler 
ring structures with or without side chains 

(7) While this suggests the possibility of the 
coal substanco having arisen through con 
densations of phenolic and amido bodies with 
nldehydic bodies — much as synthetic resins are 
now produced — and there is evidence of at least 
the agglutinating constituents of bitunu/iou* 
coals having arisen in some such way— onh 
further experiment can decide these questions 

(8) The results as a whole strongly support the 
view of the essential continuity of tho bgmn 
-*■ peat coal ->• anthracite series, and of 
bgnins rather than celluloses being its chief 
progenitors fn this connection, howerer, E 
llerl (private communication) has stated that 
on oxidising a ‘ cellulose coal ’ by means of 
alkabne permanganate, according to the Im 
penal College procedure (Bone el al , Proc Roy 
Soc 1030, 127, A, 480 , 1935, 148, A, 492) he 
has succeeded in obtaining carbonic anhydride, 
oxalic, benzoic, phthnhe, mellophamc, pcnta 
and hexa benzeno carboxylic acids, as « ell ns 
fatty (probably butyric) acids, and he regards 
such products as proving how easily carbo 
hydrates may be transformed into aromatic 
substances, and thereforo as still justifying his 
view of tho ccllulosic origin of bituminous coals 
Seeing, however, that tho renditions under 
which his artificial “cellulose coal’ Mas pro 
duccd — namefy, by heating cellulose with 
alkabne solutions to 225-330° under pressure- 
differed considerably from those under a Inch 
coals were naturally developed, it by no means 
follows that his experiments bn\c any decisive 
significance m regard to the origin of bituminous 
coals 

As stated above, the benzenoid character of 
the main coal substance, whatever its origin, 
is now completely proved, although no con 
stitutional formula for the * coal unit ” has 
been deduced as it has for the “ cellulose " or 
" lignin * unit* 
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That the coal substance contains unsaturated 
linkages is indicated by its behaviour on treat- 
ment with halogens. Experiments made at 
various times at the Imperial College (un- 
published researches) have shown that when 
bromine acts upon a coal at room temperature 
or 100'C., both “ addition " and “ substitution,’’ 
as well as some “ adsorption.’’ occur and that 
stable brominated products, outwardly re- 
sembling the original coal, result without any 
breakdown of its essential molecular structure. 
A. McCulloch and his collaborators (J.S.C.I. 
1929, 58. 167T; 1930, 59, 377T; 1932, 61. 49T, 
186T ; 1933, 62. 47T) have found that coals may 
be vigorously chlorinated at air temperature, 
the first effect being *' addition " at unsaturated 
linkages followed by “ substitution.” though 
'not within the fundamental benzenoid nuclei. 
The coking propensities are simultaneously 
destroyed. The chlorine is said to be eliminated 
practically quantitatively when the chlorinated 
product is heated to about 500 C C. 

For a more complete account of the constitu- 
tion of coal, see Bone and Himus, Coal : Its 
Constitution and Uses ’’ (1936). 

Tee Valuation and Selection of Coal. 

While the value of coal depends primarily 
upon its calorific value, other factors must lie 
considered in determining its suitability for any 
given purpose, such as, for example, (i) moisture 
content, (ii) quantity, distribution and fusibility 
of the ash; (iii) the percentage of volatiles: 
(iv) the character of the carbonised residue : 
and (v) its ultimate composition — C, H, S and 
N — the N being important if the coal is to be 
carbonised or gasified in producers under 
ammonia - recovery conditions. Coal is not 
usually purchased in Great Britain on a basis 
either of calorific value or chemical analysis, but 
the practice is common in the United States and 
in certain European coiuitries, the contract 
naming a definite price for coal of specified 
qnalitv. subject to a sliding scale of bonus and 
of penalty for deviations from that quality. The 
following brief discussion is based on the appro- 
priate specifications and reports of the British 
Standards Institute and “ Fuel Testing.’’ by 
G. W. Himus (L. Hill. London. 1932). In order 
that the results of the assay of a sample of coal 
mav be of any value, it is necessary that the 
sample be representative of the whole bulk of 
the coal and shall contain the same pro- 
portions of large, medium and small, and in 
addition, the same proportions of clean coal and 
*• dirt.” Grumell and Dunningham (Report on 
the Sampling of Small Fuel up to 3 in. British 
Standards Institution Xo. 403. 1930) showed 
that sampling should be carried out by means of 
a number of equal increments uniformly dis- 
tributed over the bulk of the coal, and further- 
more that (a) the number of increments and/or 
the w eight of sample, or the number of individual 
vaeons to be sampled is independent of the 
weicht of the consignment provided that the 
increments are uniformly distributed ; and 
(b) the number of increments and, or the total 
weight of the sample, or the aumbr of individual 
wagons to be sampled, raa-t b- varied according 
to the average error of the fuel (which i* a func- 


tion of the ash-content of the coal). Based on 
this and later work, methods of sampling coal 
and coke have been standardised by the British 
Standards Institution in a number of specifi- 
cations (Xos. 404, 420, 496, 502). The tests 
most frequently applied to coal axe those in- 
cluded under the title of” proximate analysis ” 
(involving determination of moisture, volatile 
matter and ash), and determination of sulphur 
and calorific value. In certain special cases, 
other tests such as complete ultimate analysis 
agglutinating value, tendency to swell when car- 
bonised, the determination of phosphorus, or 
arsenic, or the fusion temperature and composi- 
tion of the ash are sometimes required. For 
details as to the method of application of these 
tests, readers are referred to the relevant British 
Standard Specifications (r. supra, and also 
Xos. 453, 56S, 6S6, 6S7 and 705) and to “ Fuel 
Testing "’ (op. cit.). 

With regard to the selection of coal for in- 
dustrial purposes, while it is possible to indicate 
certain general rules which enable the observer 
to say that a particular coal will probably be 
suitable for a particular plant or purpose, plant 
and operating conditions are susceptible of such 
wide variation that the rules must be regarded 
only as broad generalisation*. It can be stated 
quite definitely that unless it is required to 
produce a carbonised residue (semi-coke or coke), 
the use of strongly caking coal is to be avoided ; 
furthermore, a high fusion temperature is desir- 
able in the ash of coal which is to be burned in 
a furnace or gasified in a gas-producer. High 
moisture and high mineral content are always 
objectionable since both act as diluents, reduce 
the calorific value of the fuel and entail transport 
and handling charges. Generally speaking, uni- 
formity of size is desirable, and it is always 
advantageous that successive deliveries of coal 
should be as far as possible of the same quality, 
since under modem industrial conditions uni- 
formity of raw materials enables operating con- 
ditions to be standardised, a factor of great im- 
portance in maintaining high and steady effi- 
ciencv coupled with low costs. Coal for the 
manufacture of gas generally yields from 30 to 
3S% of volatile matter (at 900 ’C. on the dry 
ashless coal) and a rather ’porous coke; the 
moisture and ash should be a* low as possible. 
The best coking coals generally yield between 
20 and 30% of volatiles and a strong, compact 
residue ; the best steam coals yield from 8 to 
20% of volatiles and should be non- or weakly- 
caking, the moisture and ash should be low, and 
the latter should be infusible to avoid formation 
of clinker; for gas-producer purposes, it i= 
desirable that a coal should be non- or weakly - 
cakinn and have a low percentage of non-fnsibh 
ash, hiuh volatile* are rather an advantage than 
otherwise: coal* intended for low temperature 
carl>onisation (at from 5<K1 to 050'C.) should be- 
low in riioi-turc and ash and should give a non- 
swollen coke which is of sufficient strength to 
stand handlin'; and transport. 

i Stouage and Spontaneous Ignition of Coal 
| It i- well known that on storage coal de- 
! teriorates both r.= regard* heating poncr and 
^ coking propertie*. a fart attributable to tlov. 
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costs for the 1,300 mile journey from London to 
Baghdad were stated to be £3 17s 6d with 
charcoal at £7 5s per ton and £10 12s 6 d with 
petrol (Engineering, 1934, 137, 132) 

(6) From Peat — Peatcharcoal is very friable 
and porous, and consequently difficult to use in 
metallurgical operations When sufficiently co 
herent, and when the percentage of P 2 O s is low, 
it may be used in low, small furnaces The: 
carbonisation may be effected in open kilns in 
pits or in ovens in which the air for combustion 
passes from above downwards, or by external 
firing in closed vessels, in order to enable the 
volatile products of distillation to be collected 
Peat charcoal is easilv kindled and has a calorific 
power of 6 500-7 000 g cal It is not adapted 
for smelting iron but may be used advantage 
ously for gas furnaces on account of the large 
size of the lumps, absence of clinker and the 
fact that the ash readily falls through the bars 
Experimental work on the carbonisation of 
peat m vertical gas retorts is described in 
Technical Paper No 4, of the Fuel Research 
Board (1921) The following yields were ob 


tamed per ton of peat containing about 20% 
of water 


Carbonising temperature °C 980 

Coke eirt 5 4 

Tar, gallons 12 6 

Ammonia liquor gallons 95 5 

Ammonium sulphate, lb 29 2 

Gas, cu ft 14 900 

Calorific value of gas, 

B Tb U per cu ft at 
NTP 348 


8o0 
54 
213 
87 5 
24 8 
13 760 
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(c) From Coal — The relationship between 
coal and the fuels derived therefrom is lilus 
trated diagrammatically in the annexed scheme 
The quantity of coal used for the production of 
derived fuels (excluding that gasified in gas 
producers) in Great Britain in 1935, amounted to 
42 milli on tons or 18 9% of the total output 
distributed as follows briquetted, 0 9, pul 
vensed, 5 1 , carbonised at gasworks, 18 0 at 
coke ovens, 17 4, at low temperature carbomsa 
tion plants 0 3 , and hydrogenated 0 3 million 
tons 


Diagram snow inq the Relationship between Coal and the Fuels derived teereirom 


Briquettes Pulverised 
(p 3606) coal 

(p 361o) 

Oil coal mix 
turns 
(p 364o) 


Carbonisation 

L_ 


High temperature 
(abo\e e00°C ) 

Gas and metal 

lurtaca! coke ' 

Motor spirit 
Tare 

Gas of 600 550 
B Th U per cu ft 
See alto Coke 
MANUFACTURE 
Gas Coat 


Gasification 

Producer gas 
(p 367<7 
Blast f irnace ga» 
(p 3766) 
Water gas—| 

(P 3*66) { 

Catalj tie reactions 

Alcohols 
Motor spirit 
Diesel and fuel oils 
* Lubricating oil* 


Motor spirit 
Diesel oil 
Fuel oil 


Briquettes (patent fuel) —The inevitable pro 
duction of more or less fine coal (which is often 
difficult to dispose of commercially) during 
mining has led to the development of briquetting 
processes whereby the fine material is converted 
into solid and coherent cakes which are suitable 
for burning on grates domestic or otherwise 
The annual world production of briquettes is 
about 50 million nietno tons, of which some3G 
million (31 million from brown coal) are made in 
Germany If the natural wax content of a brown 
coal is sufficient it is possible to form briquettes 
without the addition of a binder * The raw 
coal is crushed and then dried until the moisture 
content is between 12 and 17° 0 , it is essential 
that the raw material should enter the presses 
at from 30-40% , therefore the dried material 
inu-*t l»c cooled to within this temperature 
range The next step consists in forcing the 
dried brown coal through an onfico by means of 
a reciprocating stamp whence it is extruded 
against a rope of previously pressed briquette* 
moving outwards The compressed browD coal 
emerges from the press as a long bar of glossy 


black fuel w hich on cooling, separates intobinglc 
briquettes Such a process of dry ” briquet 
ting cannot, however always be applied to 
brown coal and never to bituminous coals and 
anthracites, it is then necessary to supply a 
binder from external sources The most satis 
factory binders are coal tar, petroleum pitch 
or natural bitumen because they are readily 
combustible, do not add to the natural ash 
content of the fuel and render the briquettes 
waterproof A number of other binders such as 
maize meal farina or potato starch (together 
with a small percentage of lime) or sulphite 
liquor are used w here pitch is either unobtain 
able or too expensive in warm dry climate* 
such binders meet with some success but the 
briquettes are not weatherproof Inorganic 
binders such as clay , Portland cement, magnesia 
cement and lime have been used but are open to 
the serious objection that the mineral content of 
the briquettes is increased Starch may some 
times be usefully employed as a substitute for 
part of the pitch (I part of starch replaces about 
2 parts of pitch) but there is a limit imposed to 


* \ 
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such replacement by the extent to which it is 
desired to produce waterproof briquettes. Ex- 
perimental work has been carried out in the pro- 
duction of briquettes from bituminous coals by 
preheating them until they become plastic and 
then applying pressure, but this process has not 
yet reached the stage of commercial develop- 
ment. 

When employing a hinder, it should he broken 
up and fed. along with the dried coal into a 
mixer for accurately measuring out the propor- 
tions of the two materials, which then pass into a 
disin tegrator, where they are ground together 
to the required degree of fineness. The ground 
mixture is then delivered to a vertical heater, 
where it is heated by means of superheated steam 
so as to reuder the binder plastic and adhesive. 
Thence rt passes to the briquetting machine, 
where it is compressed into rectangular or ovoid 
briquettes. In the latter case, the material 
passes between two rollers on the perimeters 6f 
which are opposing ovoid cavities into which the 
coal/binder mixture is compressed at a maximum 
pressure of 2 tons per sq- in. 

Pulceristd Coal . — The speed and completeness 
with which a fuel can be burned are a fhnction 
of the intimacy with which it can be mixed with 
the air necessary for combustion. In this 
respect, finely pulverised coal has the following 
advantages : (i) it may be intimately and uni- 
formly mixed with the air required for combus- 
tion and burned completely with a minimum 
excess, leading to high furnace temperatures 
and low fine losses: (ii) it can he pumped 
throuzh pipe-lines and handled with the same 
ease as a fluid: (i ii) a furnace fired with pul- 
verised coal is extremely flexible under rapid 
variation in the load, since the supply of coal 
can be varied almost instantaneously by 
operating a valve ; (iv) the absence of a fuel bed 
eliminates troubles due to clinker formation, 
consequently the ash content of the coal is of 
relativelv little moment so far as the combustion 
process is concerned ; (v) the furnace atmo- 
sphere may be maintained either oxidising or 
reducing at will ; this is of particular moment 
in metallurgical furnaces, since by maint ainin g a 
reducing atmosphere in contact with the charge, 
scaling losses are minimised. 

The" range of fuels suitable for pulverising is 
very great ; provided the feed material to the 
pulveriser is s uffi ciently dry to be free-milling, 
fuels yielding up to 40% of ash can be burned 
in the pulverised condition with a loss of only 
5% of combustible. While, however, such high 
ash materials can be successfully handled, it 
must be decided by circumstances whether ir is 
an economic proposition to do so. bearing in 
mind that extra pulverising cost is entailed in 
fiue-grindinn the incombustible matter, while 
at the same time, additional wear and tear 
results lead to enhanced maintenance and re pair 
charges. 

The essential parts of a pub erised coal plant 
are means for preparing the coal, and a burner 
to deliver the fine product with the air necessary 
for combustion into the furnace. There are 
three general systems in operation, namely, the 

central-grin din g " which was first in the field, 
the “ unit ' or “ direct-firing ' and the ‘ bin 


and feeder ’ system. In the earlier form of 
central-grinding plant, there was a central mill 
house in which the coal was roughly crushed, 
dried, pulverised and stored, and from which it 
was distributed as requisite to the individual 
furnaces. In the direct-firing system, each 
furnace with its combustion equipment forms 
a self-contained unit consisting of mill and 
burner. The pulveriser receives a regulated 
feed of raw or roughly crushed coal and delivers 
the fine product direct to the furnace through a 
suitable burner ; no separate dryer is employed, 
but drying may be carried out in the mill when 
in operation by passing through it a current of 
hot air which forms the primary air supply to 
the burner. The advantases of the direct- 
firing system as compared with the older central- 
grinding system are its simplicity, low first cost 
and the small floor space required. On the 
other hand, the direct connection of the pul- 
veriser with the burner, although it makes for 
simplicity, is not altogether a desirable feature, 
since the load on the mill varies with the re- 
quirements of the furnace, and in the event of 
a failure of the pulveriser, the whole unit must 
be shut down while repairs are carried out. 

In the more modern bin and feeder system, 
therefore, while the intimate association of pul- 
veriser and furnace characteristic of the direct- 
firing system is still maintained, the storage bin 
of the older central-grinding plant is retained 
and the transport plant is so arranged that the 
product from each mill may be delivered into 
any of the several storage bins. The pulverisers 
are thus able to operate at their designed and 
most economical outputs and in the event of 
the breakdown of any mill, the bin which it 
normally supplies may be fed from one of the 
other pulverisers. 

Drying of the coal is necessary in order to pre- 
vent hanging up and arching in storage bins and 
to reduce the chances of spontaneous combustion. 
The capacity of a given mill is increased and the 
power consumption is diminished as the moisture 
content of the coal is reduced. During grinding, 
the temperature of the mill rises, moisture is 
driven out of the coal if not previously dried, 
and such moisture may be re-deposited in any 
parts of the system which may be inadequately 
insulated, leading to the formation of obstruc- 
tions consisting of wet coal in the transporting 
lines. In direct-firing plant, preliminary drying 
is of less importance than in bin and feeder 
plant, since, owing to the short pa-sage be- 
tween the pulveriser and the furnace, the drop 
in temperature is negligible, consequently con- 
densation does not take place ; also the coal i- 
aerated and agglomeration of particles is Ie=s 
likelv. In modem bin and feeder plant, 
separate dryers are less frequently installed than 
formerlv; drying is carried out in the mill by 
means of hot air or hot flue gases. 

While from the point of view of combustion 
the finer the degree of grinding the better, a 
limit is imposed by the practical considerations 
that the power con=nmption increases with the 
fineness of the product and at the same time the 
capacity of the mill falls off. A compromise 
mu=t. therefore, be adopted. c o as to ensure such 
a decree of finem;- that no particle cf cca! 
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shall be sufficiently large that it will either fall 
on* of the air stream or pa«s right across the 
furnace and escape unburned with the waste 

products 

The necessary degree of fineness depends on 
(a) the density of the coal, (b) the percentage of 
\ola tiles, and (e) above all, the comhustion- 
volume av ailable The smaller the combustion 
chamber and the loner the volatile yield of the 
fuel, the finer and more uniform must bo the 
grinding 

It is found for normal coals that good furnace 
conditions are obtained if the product shows the 
following screen analysis 

Passing B S Sieve No 44 09 

„ „ „ 100 S5-8S 

„ „ „ 200 55-65 

In bin and feeder, and central grinding plant, 
means must be prouded for transporting the 
pulverised coal, and there are two general 
methods m use namely, by means of compressed 
air or mechanical transport In the blowing 
tank system, charges of coal are blown as re 
quircd from air tight containers which may be 
mounted on weighbridges The mixture of coal ' 
and nir is received in cy clones where separation 
takes place, the coal being then delivered, by 
gravity into the storage bins In the Fuller 
Kmyon pumping system the pulverised coal 
is continuously fed into a pump which consists 
of a long steel or cast iron screw, driven at a 
high Bpeed in a cast iron cy Under which dis 
charges into a pipe line through which the coal 
is transported A small quantity of compressed 
air is injected into the coal near the point at which 
it leaves the screw and enters the pipe line 
The air prevents the coal from packing, thereby 
facilitating the action of the screw in forcing it 
through the delivery pipe Pumping plant has 
an advantage over the other transport sj stems 
in v\ hich compressed air is used in that, ow mg to 
the limited amount of air which passes with the 
coal, no cyclones are required to effect separation 
of tbo coal and air , capital cost and space are 
thereby saved, since the coal is delivered directly 
into the stongo bins Tins system has been 
used for delivering coal at distances up to 
2,000 ft , and for lifts up to 100 ft In tho 
purely mechanical class is the screw conveyor 
method of transport in which the coal is trans 
ferred by screws working in suitable troughs 
This method was first in the field but had the 
disadvantages that it was not easily adaptable 
to changes of direction or to bfts except those 
involving very gentle slopes, consequently it has j 
generally been superseded in later plant The 
closer association of tho pulverisers with the 
furnaces, which is tho present tendency, has 
minimised the«e objections and the mechanical 
transport sv«tcm is hkelv to regain its former 
f populantv 

iTic coal hav mg been supplied to the furnace 
l in is passed by means of a feeder to the burners 
The function of the feeder is to deliver the coal 
uniformh and without pulsation to the burner, 
which, in its turn, when supplied with a cor 
rectlv proportioned mixture of coal and air, 
should deliver a uniform mixture into the 


furnace While there are numerous makes of 
pulverised coal feeder, the general principle 
underlying their design is the same, namely, that 
small, equal quantities of powder are picked up 
by a suitably divided wheel or fluted drum and 
thence dropped into the stream of primary air 
on its way to the furnace Although several 
types of pulverised coal burners are available, 
all modern burners emplov low air pressures 
and, in general, are designed to secure a thorough 
mixture of the coal with all the air required for 
combustion near its point of entrance to the 
furnace, while some, m addition, attempt to 
secure turbulence of gases in the furnace The 
choice of a burner mu«t be influenced pro 
foundly by the furnace in which it is to be 
installed, depending on whether there is ample 
combustion space, and whether the furnace is 
provided with water cooled or refractory walls 
The earlier pulverised fuel furnaces were of 
conventional tvpe, having solid refractory walls, 
but erosion difficulties arising from slagging of 
the asli were so serious that modem furnaces are 
generally provided with walls made up of tubes 
which are connected with the water spaces of 
the boiler The tubes may be bare and so 
exposed to the full radiation of the furnace, 
they may be embedded in refractory bricks 
which are thus cooled and prevented from over 
heating, or alternatively, they may be covered 
on the fire side by refractory cast iron blocks 
which are clamped to them The bottom of the 
furnace is provided with a water screen ’ of 
widely spaced tubes al«o connected with the 
water system of the boiler, the ash thus enters 
the ashpit ita a cooling zone and is delivered 
as solid particles and not ns slag 
Instead of being water cooled, one or more 
walls of the furnace mav bo cooled by passing 
the secondary nir through suitable passages, 
thus simultaneously protecting the walls and 
pre heating the secondary air 
In Fig 2 (Bone and Himus, op eit ) tho 
arrangement of a modem boiler plant fired by 
pulverised coal is diagrnramatioallv shown It 
will be appreciated that in a water walled 
furnace, such as is illustrated, the utmost 
advantage is taken of heat transfer by radiation, 
in fact in certain modem plant, no less than 
85% of the heating surface is exposed to radiant 
heat, only 15% of convection heating surface 
being prov ideal 

In the Combustion Steam Generator, the 
furnace is entirely surrounded with water tubes 
and tho burners ore arranged at tho corners of 
the furnace so as to deliver the coal — air mixture 
tangentially to an imaginary circle about 4 ft 
in diameter, thus imparting a swirling motion to 
the contents of the furnace , the result is that 
the ga«es arc thoroughly mixed with consequent 
rapid and complete combustion At tho Con 
gclla Tower St at ion Durban two such generators 
have been installed each designed for a con 
t mucus evaporation of 120 000 lb per hour and 
operating at 2701b persq in with a guaranteed 
thermal efficiency (based on the net calorific 
value of the coal) of 10 5% 

The application of pulverised fuel to internally 
fired boilers (Lancashire and marine) has given 
ri*o to special problems by reason of the small 
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furnace volume. M Berea? in a water-tube boiler 
of any given capacity the furnace can be 
designed to suit the fuel and method of firing, 
in an internally fired boiler, short of fitting an 
external combustion chamber (which is usuallv 
impracticable ou ing to the extra space required), 
the furnace volume i= rigidly limited by the 
size of the (toiler, and attention has therefore 
been concentrated on improved burner design 
to secure rapid and complete combustion. For 


successful operation, uniform and fine grinding 
i= necessary to ensure that no particles of coal 
fall out of suspension before combustion is 
complete. A number of plants consisting of 
batteries of Lancashire boilers are in successful 
I operation and the use of pulven-ed coal for 
marine propulsion is making some headu ay. 

An important development now m the stage 
of large-scale experiment is the use of a sub- 
stantially de-ashed pulverised coal for power - 



Fig. 2. — Diagbajivatic Aeeangeexnt of Modern Boilee Plant Fieed be 
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production in internal combustion engines of such trouble is said to have been overcome by 
the Diesel type, .and already progress has been using linings made of special steel, 
made in this direction in Germany and Austria. Xo valve trouble has been reported, the ash 
Pawlikowski. formerly associated with Diesel, (it is said) being blown through the valves as an 
maintains that to adapt a Diesel engine to pul- impalpable powder. This is a point on which 
verised coal, little alteration is necessary beyond judgment should be reserved. It would be 
the provision of a special admission valve and a advantageous to work with a pulverised coal of 
pre-combustion chamber for the fuel, and that lowest possible ash-content, such as might be 
the only serious mechanical difficulty so far prepared by a de-ashing process ; probably 
encountered has been due to leaking piston ring= research on the explosive properties of such 
allowing the powdered fuel and ash to grind fuel will, lead to - improvement in engine 
between the piston and cylinder lining; but design. 
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Oil — Coal Mixtures “ Colloidal Fuel ’ — A1 
though potential heat in the form of coal is 
generally cheaper than m the form of oil, liquid 
fuels possess certam advantages, particular^ for 
marine purposes, in that tboa are more readily 
handled and permit more economical utilisation 
of bunker space, the thermal storage capacit\ 
of a given bunker 1% in fact, about 40° o greater 
with oil than with coal 

A suspension, however, of finely powdered 
coal and oil is, by reason of the fact that the 
specific gravity of coal is 30—10% greater than 
that of fuel ©d, the most compact fuel known , 
thus, for example, if a coal of sp.gr 1 35 and 
calorific value 14,500 B Th U per lb be made 
into a 40 60 mixture with fuel oil of sp gr 0 90 
and calorific value 19 000 B Th U per lb , the 
mixture has a potential heat content of nearh 
11*2 therms per cu ft , as compared with 10 7 
for od or 7 2 for coal alone Apart from the 
greater concentration of heat in coal— oil mix 
tores, other advantage® are the absence of 
deterioration and self heating to which many 
coals are liable Coal— oil mixtures having 
specific gravities of about 1 04 cm be stored 
under a water seal, thus reducing fire risks, 
while m the event of fire extinguishing ba water 
is possible Although such mixtures are called 
“ colloidal fuels, ’ the name, though convenient, 
is not really correct since the normal <ize of the 
coal particles is from 1 or 2 to C op, aa hereas the 
upper limi t for particles of colloidal dimensions 
is about 0 l/i The first proposal to u«e coal — 
oil mixtures as fuel appears to have been made 
by H Smith and H. Munsell m 1879, whde 
sporadic experiments m this direction were 
made from time to time earh in the present 
century It was not, however, until the matter 
was taken up by the Submarine Defense 
Association ” m the United States during the 
period 1914 18 that serious experimental work 
on a large scale was earned out This as ocia 
tion, under the chairmanship of Lindon W 
Bates, earned out extensia e experiments on the 
production and utilisation of such mixtures, and 
successful trial-* were earned out m the U S 
Scout Gem between April and July , 1017 Sub 
-equcntly, trials were made ba J G Robinson 
on the firing of locomotives on the Great Central 
Uailw aa, after which the question of colloidal 
fuels fell into the background until interest avas 
revived in 1932, when the Cunnrd liner Scuthia 
made the round trip between Liaerpool and New 
York, successful]} burning a 40 GO coal — od mix 
ture in one boder out of the twelae which are 
normal!} fired with od fuel 'once that date, 
investigations have proceeded in Great Britain 
and Germany, chief!} on the production of 
colloidal fuels, but there is a er} little published 
information about their combustion 

A colloidal fuel consists es'cntialla of a su-> 
|>en«ion of solid fuel in a liquid fuel, the mixture 
being euitabh stabilised so that separation of 
the solid shall not take place under normal 
t onditions of storage and handling at atmospheric 
temperature during (sav) C months, or at 100 C 
within a few 1 ours 

Such stability may be reah«ed in four ways, 
ba (i) reducing the particle <=ize of the roaJ, 
(ii) conferring a gel structure on the oil by the ! 


addition of a suitable stabiliser or “ fixateur ” to 
the oil, (in) U'ing a suitable peptieing agent to 
disperse the coal , or (iv) employing an od which 
wdl give stable suspensions without the addition 
of a «tabdi'er or other special treatment 

(i) Although the grinding of coal m od to 
colloidal dimensions is quite feasible, the process 
is costl}, and the economic limi t of grinding 
appears to be such that from 80 to 90% will pass 
through a 200 mesh sieve orperbaj s slightly finer 

(u) It was onginallv pointed out by S E 
Sheppard in 1921 (J IntL Eng Chem 1921, 13, 
37) that if the structure of a dilute gel be in 
duced in the od, roal ground as above (particle 
size from 64 /i downwards) might form a stable 
«u®pen«ion in od Such a condition max be 
realised, for example, by suitabh dispersing from 
0 2-1 0% of sodium stearate m the od, and it is 
probable that man} other stabilising agents may 
behave m this manner 

A simple method which appears to be effective 
con ists in blowing air through the heated od, 
the stabiliser being then lormed ba partial 
oxidation of the od itself 

(iu) Certain ods, particularly tar ods of high 
boding point, po^ess the power of dispersing 
bituminous coal when the pow dered coal is heated 
with the od The action of tar od» as stabi 
liters is probablj based on this propert} which, 
in general, is not possessed bv petroleum oils 

(iv) Although normall} , petroleum oils baae 
no dispersing action on coal, the Cunard Co 
have found that certain fuel ods, particularly 
if produced ba cracking processes, form stable 
suspensions with powdered coal without the 
neiesstta for the use of am stabiliser There 
appears to be a. correlation between the carbon 
residue of the od and its capability of giving 
stable suspen ions 

An ingenious and simple method of assessing 
the stability of coal — od suspensions ha3 been 
deaised by the Fuel Research Board (Ann Rep 
1935, 155) A sample is placed in a long test tube 
suspended vertical!} m a holder so that it may 
function as a pendulum The period of 6wing 
is noted, and as settlement takes place, the 
centre of gravita of the pendulum fall , with 
consequent alteration in the periodic time 

Low Temterature Carbovisatio'v 

The object of low temperature carbonisation 
of coal is to produce .a free burning, smokeless 
solid fuel with simultaneous re coven of the 
smoke producing portions of the coal as tar®, 
ods and gas The substitution on a large scale 
of such a semi coke ’ for the 36-35 million 
tons of raw bituminous coal at present annuall} 
burned for domestic purpo-es would do much to 
mitigate the smoke nui ance, while at the same 
time products which are now wasted and broad 
ca°t into the atmosphere would be convened 
This inaolaes the carbonisation of coal at tem 
peratures ranging from 500 to 050%' , a problem 
which lias so e\erci«od the minds of imenton* 
for the past 30 years that upwards of 200 
different designs of plant have been tried for 
the purpose but only a few processes have 
achicacd ana commercial importance or success 

The serious difficnltjcs presented ha this 
problem art (i) ensuring a sufficiently rapid 
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tures from COO to 700°C , it may be operated kinds of coals, the through put per retort per 
cither continuously or semi intermittent!} The da} being from 5 to 10 ton3 according to whether 
through put may be as much as three times that strongly or weakl} coking coal is being treated 
attained with a cast iron retort of the same The beat in put required to carbonise 20 tons of 
dimensions operated at GOO°C , the }ields of medium coking coal per day in two such retorts 
tar and gaseous thepms being both materially is remarkably low, being only 19 8 therms per 
increased at the expense of the semi coke ton 

rxpenments ha\e leen carried out with all The Babcock and Wilcox retort is an example 
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of a plant in which internal heatins is practised, 
preliminary- treatment of the coal 'to modify- its 
swelling characteristics being also applied. The 
coal is first preheated to 130 Z C. for about 
15 minutes on a chain-grate stoker by means of 
hot gases from a special combustion chamber, 
and is then discharged via sealing valves on to a 
scraper-conveyor which distributes it uniformly 
over the surface of the fuel bed in the rectangular 
retort below. The fuel bed is about 3 ft. deep 
and is supported on sis hydraulically-operated 
rollers of special cast-iron, which continuonslv 
discharge the semi-coke into hoppers from which 
it is passed over rotary screens on which it is 
quenched. Carbonisation is carried out by 
passing superheated steam and hot combustion 
products (from the burning of the gas generated 
in the process) at a temperature of between 600 
and 700 : C'. The volatile products are passed 
through an appropriate recovery plant, and after 
removal of light spirit the scrubbed gas is 
finally returned to the plant for heating the 
retort. The yields obtained per ton of coal in a 
test carried out by the Fuel Research Board in 
such a retort when carbonising 29-S tons of 
Hartley Smalls per day were : semi-coke, 15-04 
ewt. ; tar. I6-S gallons ; light spirit (from gas), 
2-6 gallons : gas, 3S,700 cn. ft. of 27 gaseous 
therms. 

Semi-c-oke is an excellent domestic feel; 
readily ignited and smokeless, the radiant effi- 
ciency is about one-third higher than that of 
coal and slightly above that of anthracite or 
high-temperature coke. Assuming good house 
coal and semi-coke to cost 50f. and 60s. per ton 
respectively, the approximate costs of radiant 
heat per therm are S-9d. from coal and 8-0 J. 
from semi-coke. 

Low-temperature tars, by reason of their 
content of phenolic bodies (approximately 30%) 
have a relatively low calorific value, from 15,500 
to 15,600 B.Th.U. per lb. compared with 18,600 
to 19,600 B.Th.U. per lb. for crude petroleum. 
They form, however, good raw material for 
hydrogenation and may thus he converted to 
motor spirit (free from tar acids) and Diesel oil, 
the yield of motor spirit under suitable conditions 
being np to 75%. 

The following statistics apply to the British 
low-temperature carbonisation-industry in 1935 : 
coal treated, 0-33 million tons ; semi-coke pro- 
duced. 0-26 million tons; tar produced, 5-3 
mil) i nn gallons ; crude spirit scrubbed from gas, 
0-SS million gallons ; gas produced, 1,65S million 
cu. fr., equivalent to a yield of 32-3 therms per 
ton of coaL 

High Tesipeeatcbe Caeeomsatios-. 

Coke is the solid product of the high tempera- 
ture carbonisation of coal. It varies consider- 
ablv in external character. For metallurgical 
purposes, the best coke is compact, heavy, 
homogeneous, with bright light-grey surface. 
It contain*, besides carbon and ash. small 
quantities of hydrogen (0-2-1 -2%). oxygen 
(traces and up to’ I or 2%). and organic sulphur j 
(total S f>S-l-S%). The bed coke* contain j 
upwards of 90% of carbon. less than 8% of ash. j 
and should have a metallic ring. Coke is only ; 
slightly hygroscopic, and when thoroughly dried ! 


1 does not absorb more than 1-2% of moisture 
from the atmosphere. The moisture in coke 
put on the market should not exceed 3%. The 
calorific value of dry coke containing 90% of 
carbon and 0-5% of hydrogen is about 7,450 
K.C.U. per kg. (13,410 B.Th.U. per lb.). The 
greater portion of the coke manufactured at 
coke oven plants is disposed of for metallurgical 
purposes, while that made at gasworks (after 
| the requirements of the works for heating the 
! retorts and for production of water-gas have been 
supplied) finds a ready sale to industrial and 
; domestic consumers. The latter market has 
expanded to such an extent during recent years 
that in 1937 there was a shortage of supplie*. 
For further details, see Coke 3Iaxgtactcf.e 
and Gas, Coal. 

Gasification of Coal, (a) Producer-Gas . — 
For the cheap and rapid production of gaseous 
fuel for industrial purposes, there is no better 
process than the gasification of solid feels (peat, 
bituminous coal, coke or anthracite) by means 
of a mixed air-steam blast (sometimes air alone 
is employed) in some form of gas “producer, - ’ 
whereby the feel is converted into gas containing 
some 35—45% of combustible constituents (CO, 
H and CH 4 ). A modem gas producer consists 
of a cylindrical furnace, 6-12 ft. internal dia- 
meter and 10-15 ft. high, lined with fire-brick 
with an outer mild steel casing , and usually 
water-sealed at the bottom. Means are provided 
(1) for the introduction of the blast through 
some form of grate or twyer fixed immediately 
above the level of the water in the seal, and its 
regular distribution through the bed of incan- 
descent feel (usually 3-5 ft. in thickness) which 
rests npon a lower bed of ashes ; and (2) for the 
charging in of the raw feel through (usually) 
some form of bell hopper fixed centrally on the 
top of the producer, round which are arranged a 
number of equidistant poking holes closed by 
iron balls. The gas outlet is fixed near the top 
of the cylindrical furnace. Taking as a typical 
example a prodneer working with a mixed air- 
steam blast on a common bituminous coal, the 
chemistry of gasification may be epitomised as 
follows. When a fresh charge of feel is dropped 
into the furnace, it first of all undergoes a process 
of distillation on the top of the fire, w hereby 
H, CHj. tarry hydrocarbons, CO, together 
with small quantities of NH 3 . H.S, etc., are 
evolved, probably in much the same proportions 
as in the ordinary retort distillation of coal; 
olefines and higher paraffins are, however, so 
rapidlv decomposed that they do not, a* a rule, 
appear in the gas passing out of tue producer. 
The carbonaceous residue' (coke) i- snfecquently 
completely gasified in the lower layers of the 
incandescen.r fuel-bed, by interaction with the 
ascending air-steam blast, yielding a mixture of 
CO.. CO, H and N. together with further 
small proportion- of N H 3 and CH,. The propor- 
tionsof CO.. CO and H leaving the Include- -, ’nt 
coke-bcd depend upon the steam-'-aturrition 
temperature of tim bla-t, which also htrelv 
determine the temperature gradient thro :gh- 
out the fire. In orefrr to und-.-r-tar.d felly the 
chemi-trv of the proee-% it i- nt«--ary to 
; consider' separately the inter.’.' turn lo.-" 

I incandescent carl-on ar.d air and steam r. p- e- 
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This latter requirement is fulfilled by a ga s con- 
taining 2-5 CO.. 30-6 CO, 12-35 H (such. as may- 
be generated. wrth blast-steam saturation tem- 
perature of -50'), and leaving the producer in a 
hygroscopic condition, corresponding to satura- 
tion at 20'. Such a gas will leave the producer 
heavilv charged with, tarry vapours, and at- a 
temperature of 500-600” ; it usually passes on 
to the furnace through large mains linsd^with 
fire-brick, without being cleaned or cooled, ac- 
cumulations of tar, soot, ere., in the mains being 
burnt out in a current of air at the end of each 
weesfs run (r. u-fro W - A. Bone, Procurer Gas. 
with. suecial reference to Steel l r > orks Require- 
ments.”'’ Joum. W. of Scotland Iron and Steel 
Institute, 1911). 

In. gas generated for power purposes, the 
actual composition is not so important, provided 
that the total content of combustible constituents 
is high. and in such cases the gas may be gene- 
rated under conditions permitting of the 
recoverr of a large proportion of the N in the 
fuel as N’H-. A gas supply for internal- 
conbnstion engines must be both thoroughly 
cleaned and cooled down to atmospheric tem- 
perature before delivery to the e n g in e. 

* The main points to be considered in relation 
to gas-producer design ate; (1) the easy and 
accurate control of the blast-steam saturation 
temperature ; (2) a suitable form of grate or 
twver which should permit of a rapid rate of 
'w iiS cation, together with uniform- distribution 
of the blast, through the fuel bed ; (3) the con- 
tour of the furnace body ; and (4) the arrange- 
ments for charging the producer and removal of 
tb/- ashes. One of the earliest forms of gas 
producers {Ebelmen, 1840) was of the cupola 
jvpe, in which charcoal or coke was gasified, 
with s positive blast introduced through rwyers. 
limestone being added to the charge (if necessary) 
to fins the ash. In. 184oEkman, a Swedish irun- 

Vol. V.— 24 


master, designed a furnace and producer com- 
bined, for which the fuel was charcoal. The 
producer itself consisted of a cylindrical fire- 
brick chamber, enclosed in an iron casing, a 
space beinp left between the brickwork and the 
casing through which the air supply was admitted 
and preheated on its way to the fire. In 1861 
the brothers Siemens patented their well-known 
producer for use in connection with their new 
regenerative furnace. This producer consisted 
of" a fire-brick chamber, rectangular in section, 
the front- of which was inclined at- an angle, of 
45-60% provided with a grate at the bottom, 
thronsh which a current of sir was induced. 
Below” the grate was a trough of water, which, 
on evaporation, by heat radiated from the 
grate, added a certain proportion of steam to 
the induced air supply. Subsequently the front 
of the producer was closed by an iron door, and 
the air supply forced in under the grate by 
steam injection. This producer was the first to 
successfuQv gasify a bituminous coal; it was 
csnable of generating a fairly good quality of 
ga=, but its rate ofgasifi cation was low. In 
1ST6 Wessrs. Brooke and Wilson patented a 
| producer consisting of a cylindrical chamber 
havinc a solid hearth, but no fire bars. The 
! mixed" air-steam blast was obtained by steam 
| mj<Hrtien. and was introduced int.o the ±nel bed 
bv~ means of a box-shaped casting which 
I traversed the middle of the hearth- In IS 52 Mr. 
| prifron patented a form of generator on which 
ash and clinker were automatically removed by 
means of two worm screws revolving in a wstcr 
1 seal. Water-sealed producers have no- almost 
i entirelv superseded the older solid or br.r- 
I bottom tvpes. 

! -gj- s Duff producer (Fig. 4) may be cited as 
i a wet-bottomed producer of simple design : j’ 

| consists of a cylindrical chamber A. 7-1* 1 ft. 

[ internal diameter, with a P-in. fire-brick lining 





















within an outer steel shell At the bottom of the 
lining is a circular angle iron casting, which dips 
into the water seal in the trough BB The 
“ Duff ’ grate, or blast grid C, is a /\ shaped 
structure, with transverse grids extending as a 
ridge across the producer immediately above the 
water seal , the air-steam blast enters the space 
beneath the grate, and the grid ensures its uni 
form distribution oi er a considerable area of the 
fuel bed The latter (which, os a rule, extends to 
a height of about 3 ft above the apex of the 
grate) is supported upon a bed of ashes, which 
extends downw ards from the grate level into the 
water trough In the lower part of the shell of 
the producer, and on a level with the grate 


incoming preheated air-steam blast passes before 
reaching the grate , (2) the hanging bar grate B, 
which takes the shape of an inverted truncated 
cone, with spaces between the bars for the 
admission of the blast, an arrangement which 
ensures an adequate grate area and a very 
uniform and effective distribution of the blast 
in the fuel bed , and (3) the large bell 0 at the 
top of the producer below the charging hopper 
D, which is supposed to expedite the preliminary 
distillation of the raw fuel The Mond producer 
is usually worked with a very deep fuel bed, 
as indicated in the diagram, hut if the bell C be 
dispensed with, a much shallower fuel bed may 
be used with advantage 
To secure the best results from a gas producer, 
eoptmuity of operation is essential , the coal 





cleaning doors DD are provided I lie fuel is 
charged intermittently into the furnace through 
the belled hopper E, and the gas outlet is at f , 
the dotted lines at GG indicate poking holes 
Ashes are withdrawn from the water trough at 
regular intervals in quantity corresponding to 
the rate of accumulation m the furnace A pro 
dueer of 10 ft internal diameter will gasify 
10 cwt of coal per hour, or about 15 lb per sq 
ft of fire area 

In Fig C is shown one of the earlier forms of the 
Mond producer, which, although designed with 
special reference to ammonia recovery practice, 
is eminently adapted to all working conditions 
Tho chief features abont this producer are 
(1) the annulus A between the inner fire brick 
lining and outer steel shell through which the 


should be charged regularly, in small quantities 
and evenly spread o\ er the fuel bed Irregular 
charging of coal in large quantities results in 
sudden chilling of the upper layers of the fuel 
bed and, in consequence, increased C0 2 in the 
gas Furthermore, it is desirable that tho 
removal of ash and clinker should take place 
with minimum disturbance of the fuel since this 
tends to channelling of the bed while small 
pieces of clinker are liable to be lifted into the 
active combustion zone where they would tend 
to grow by accretion 

The Morgan “ Gas Machine," which is largely 
used in steel works, is illustrated in Fig 6 -The 
object of the plant is to carry out gas making 
with minimum disturbance of the fuel bed Hie 
body of the producer and the ash pan arc 
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revolved mechanically, the top remaining 
stationary , a water seal ensuring a was-ti^ht 
joint. Coal is continuously fed into the pro- 
ducer by a drum which is divided into quadrant* 
and by reason of the fact that the fuel bed re- 
volves, is distributed over the surface thereof 
, e „ s ^ r f aee t!le hed ts continuously 
leveiied by two water-cooled lev elling bars sus- 
pended by trunnion-joints from the" top plate 
of the producer. 

The air-steam blast is admitted na a central 
mushroom-shaped twyer. The ash-removal 
device consists of a spiral bar en ding in an ash- 
plough which revolves with the" producer. 
U hen it is required to remove ashes, the plough 
with the spiral bar is stopped for one complete 
revolution of the producer, 
and then automaticailv 
released to revolt e again 
with the producer. 

Such a producer, 10 ft. in 
diameter, will gasify 3,000 lb. 
of coal per hour, the power 
consumption being onlv 
J brake horse-power. 

1'he Poir-r Gas Corpora- 
tier's llecharical Producer- 
Gas Plant. — One of theTatest 
power-gas producers* with 
automatic feeding and ash 
discharge is shown, together 
with its gas-cleaning acces- 
sories, in Fig. 7. It consists 
of a steel shell, the upper 
part of which is lined with 
refractory brick, while the 
lower portion is provided 
with a water-jacket which 
functions not only as a boiler 
in which the steam necessary 
to saturate the blast is 
generated- but also as a 
cooling agent round the 
primary combustion zone 
which tends to prevent 
formation of clinker on the 
walls. 

The Kofler grate which L 
concentric with the producer 
shell is built up of special 
cast-iron rings, superposed 
one above the other, the 
space between forming hori- 
zontal ports for the even 
distribution of the blast. 

The grate is securely bolted 
to the revolving ash-pan, 
the floor of which slopes 
outwards. Spiral ribs, which are cast on to 
the ash-pan, shear the bottom from the column 
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crude gas contains both dust and tarrv matter 
h or firing certain furnaces the hot, crade gas can 
he utilised as such ; but for other purposes the 
gas must be cleaned. 

In the producer plant illustrated, the hot 
crude gas 1 = first passed through a Lymn washer 
m which it is cooled by means of water sprayed 
in at the top of the tower and dn-t and some of 
the tar are remoyed. 

The Lymn washer consists of a tower with a 
vertical _ stationary shaft located m the centre, 
fitted with a series of distributing cones at suit- 
able distances from each other functioning in 
conjunction with a corresponding series of 
inverted truncated cones attached to the casin'* 
and serving as collecting devices. Water is 

m 

JgU--, 
f * — 1 



Morga n: Provvcer- Gas Machini: 
Fig. 6. 


sprat ed in at the top of the tower and gas 
enters at the bottom. Thin sheets of water fall 
alternately from the distributors to the col- 
lectors and rbv i-rsa and are atomised in the 
form of a fine spray acfuaih driven by the gas — 
itself flowing in a zig-zag path'in the opposite 
direction — on to the collector- or distributors 
where the spray again forms into sheets of 
descending water. The trhole of the gas i- thu- 

— -- — r -v — \ brongbt into contact with the water several 

mechanically-operated feeding device. j time* before leaving the tower. 

When coal is gasified in the producer the hot, | .liter Laving the washer, the cooled gas parses 


of ash and force it outwards under the cast 
steel seal rinz which earn ft- several ash hooks 
against which the larger masses of clinker 
are broken up. The ash is automatically dis- 
charged over a steel plough bolted to the seal 
ring, the equal spacing of the ash hooks round 
the ring ensuring its even removal. Fuel 
is charged to the producer by means of 
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the liquor m 14 13 condensed The air blast to 
tho producer is taken into the system by a 
blower, saturated with water vapour as already 
described, and finally pre heated at the expense 
of part of the sensible heat in the gas from the 
producer 

In the Power Gas Corporation Low Tempera 
lure System the producer is operated with a 
very deep fuel bed {about 50% greater than in 
the Mond plant) bo that (a) the coal in the 
upper part of the fuel bed is Bub)ected to low tem 
perature carbonisation by internal heating, and 
(6) the time of contact of the steam with the 
fuel is increased, leading to lower steam require 
ro.en.ts for a given, recovery of ammonia, higher 
thermal efficiency of the process, higher yield of 
tar and improved quality of gas The chief 
modifications in the producer are an increase 
m height relative to the diameter and adaptation 
of the gas offtake 

Typical Results obtained in the Mond 
and Powsn Gas CobbobatiON Low Tem 
rERATURE Processes 


Assumed fuel analysis Volatiles 37 0, Ash 12 0, 
N l 4% Net calorific value*’ 12 000 B Th 
U per lb 



Mond 

Power Gas 
Corporation 
low 

Temperature. 

Gas 

Cu ft per ton 

133 500 

118,000 

OO 

OO 

16 0 

83 

no 

20 5 

h 2 % 

25 0 

20 5 

■CH.% 

27 

65 


45 3 

44 9 

Calorific value 

B Th U per cu ft 
net at N T P 

136 

182 

Ammonium sulphate 
recovered 

Lb per ton 

90 

90 

Tar Gallons per ton 

10 

21 

Thermal efficiency of 
producer 

Including tar 

74 

92 3 

Excluding tar 

68 


Steam, from outside 
sources, required per 
ton of coal Tons 

1 9 

1 05 


Water Gas t Gas, Hater 
Blast-Furnace Gas. — The blast furnace, bj 
nrtue of ita mode of operation, inevitably be 
haves as a huge gas producer, upwards of 60% 
of the potential heat in the coke leaving the 
furnace as potential heat in the blast furnace 
gases, and in consequence, much attention his 
been paid to the efficient utilisation of such heat 
The composition of gas issuing, at 250-300°C, 
from a modem coke charged blast furnace under 


normal smelting conditions will usually be within 
the following limits 

CO, 10-13, CO 26-30, H, 1-2 and N, 68- 
60% 

Its specific gravity is practically the same as 
that of air , its gross calorific value when dry 
may be taken as practically 100 B Th U per 
cu ft (or about 880 kg cal per cu metre) at 
0°C and 760 mm , or 95 B Th U per cu ft 
(or about 840 kg cal per cu metre) at 15“ and 
760 mm It burns with a feebly luminous 
greenish blue flame, and requires 0 7 of its own 
volume of air for theoretically complete com 
hustion resulting in products containing 25% of 
carbon dioxide 

It leaves the furnace heavily charged with 
dust, and although the coarser and heavier 
particles are deposited in “ dust catchers ” 
inserted in the down coming gas mam from the 
furnace, as well as in the gas flues leading there 
from, there still remains about 6 g per cu m or 
nearly 0 3 lb per 1,000 cu ft of fine dust 
A Cleveland furnace with an output of 1,000 
tons of pig iron per week will produce about 
1,113,000 cu ft of such gas per hour with 
a potential heat content of some 1,113 therms, 
and a sensible heat (assuming a temperature of 
250°C ) of 88 6 therms Leaving the sensible 
heat out of consideration, the potential heat in 
the gaa if burned in a gas engine working at 
25% efficiency, would be capable of developing 
continuously no less than 10,850 brake horse 
power This very large supply of energy is 
utilised in three ways, ( 1 ) to pre heat the blast, 
(u) to generate the power necessary to produce 
the blast and to work the hoists, and ( 111 ) for 
other purposes such as the generation of elec 
tricity or, mixed with coke oven gas, for firing 
re heating furnaces and the like Whether it 
is to be used for production of power or for the 
firing of hot blast stoves, it is advantageous that 
the gas should be cleaned to reduce the dust 
content Suitable limits are between 0 3 and 
06 g of dust per cu m if the gas is to be 
employed for firing boilers or for heating the 
hot blast stoves, and 0 01 g per cu m prior 

us*i m The average effieieney of 

utilisation of uncleaned blast furnace gas when 
burned under Lancashire boilers was, according 
to observations since 1914 not over 60% even 
under the most favourable conditions, whereas 
m recent practice cleaned gas when burned 
under water tube boilers has enabled efficiencies 
exceeding 80% to be realised Similarly, the 
efficiency of hot blast stoves has been raised 
from about 66 to 83% 

preliminary cleaning of the gas to a dust 
content of from 0 3 to 0 5 g per cu m has been 
accomplished by electrostatic cleaners of the 
Lodge Cottrell type, very little loss of sensible 
heat taking place, the cost being given as about 
0 028d per 1,000 cu ft Before the gas can be 
used in gas engines, howover, further cleaning 
is ncccssaiy, successful results being obtained 
by filtermg it as in the Halberg Beth plant which 
is illustrated in Fig 11 Tho slightly warm gas 
is filtered through bags made of a special fabric, 
arranged 12 in a compartment with a mechanism 
for periodic shaking, whereby its dust content 
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may be reduced to below 0-005 g per cu m containing art appropriate catalyst The most 
One such cleaning plant at Frodmgham in effective cataly sts belong to the 8th group and 
Lincolnshire, with a total rated capacity of 4 contain either N i or Co The catalysts diminish 
million cu ft per hour, reduces the dust content in actinty owing to impregnation by wares 
of 3 million cu ft of gas per hour down from which must bo periodically removed by solvents 
6g to between 0 003 and 0 005 g percu m Sj^jcessful operation depends mainly on the 
The operating costs of cleaning the gas to a cataly stand maintenance of uniform temperature 
dust content below 0 0a g per cu m by the (about 200°C ) during the exothermic reaction, 
foregoing methods are said to be of the order of some 600 kg cal per cu m (67 3 B Th U per 
0 06d to 0 lOd per 1,000 eu ft cu ft ) or 20% of the potential heat of the gas 

Blast furnace gas, when cleaned to the degree being liberated The catalysts employed by the 
already mentioned, is eminently suitable for use Ruhr Chemie A G are said to require re 
in large gas engines and modem engines of activation at the end of 3 months and are made 
from 2000 to 5 000 H P when coupled to elec by precipitating such materials as Ni-Th, Ni- 
tric generators have an overall efficiency of Mn A I or Co-Th on infusorial earth 
not less than 25% at the switchboard and are Theoretical]) about 1 4 gallons of oils (sp gr 
widely used for the purpose Further economy 0 70) should be yielded by 1 000 cu ft of gas , 
is possible by recovering part of the waste heat the highest yield reported is 72% Typical 
m the gas engine exhaust in waste heat boilers products are as follows 
which may be advantageously fed with the hot — 


water leaving the cylinder jackets of the engine 


Weight 

Olefines 

% 

Gas which is in excess of that required to heat 

•c 

mixed with coke oven gas to give a mixed gas Low boiling frac 
the calorific value of which is about 105 B Th U tiOn 

<30 

4 

50 

per cu ft the mixture being used for firing ‘ Kogasin I ' 




open hearth steel furnaces and the like The (motor spirit) 
maximum economy, however, can only be ‘Kogasin II' 
effected in self contained works in which coke (motor spirit) 

30-200 

02 

30 

>200 

23 

10 

ovens, blast furnaces and steel works are con Hard and soft 
centrated on the same site For a more detailed waxes 
development of this subject, see W A Bone and 

- 

11 

- 

G W Hi mus. Coal Its Constitution and 1 


Uses 1936 The principal fraction kogasin I, consists 

Liquid Fuels from Coal — Liquid fuels may mainly of paraffins and hence Ins a low octane 
be derived from coal in several ways as indicated number but by treatment w ith 0 8 ml lead 
in the scheme on p 360 tetraethy 1 per litre the octane number may be 

(1) By carbonisation at high or low tempera raised to 78 which is that of Ethyl spirit 

tures between 2 and 3 gallons per ton of low The heavier oil by reason of its high paraffin 
boiling spirit suitable for use in spark ignition content is ideal for Diesel engines It is reported 
internal combustion engines are obtainable by that lubricating oils are obtainable from the 
fractionating the tars and scrubbing the gases highest boiling and intermediate fractions by 
the low temperature tar js suitable for use ns suitable treatment. A Fischer jilant to make 
fuel oil although its calorific v alue is appreciably 25 000 tons of petrol per annum was started in 
lower than that offuel oil derived from petroleum April 1936, for the Braunkohlc Benzin A G at 
/■RM3W S> Xg cai par Xg a? compared voib JAnsiui^ JI.vh.ds.od joxvJ a? it> he AJJe.oded to 
over 10 000) On the other hand low tem make 150 000 tons jer annum brown coal 
perature tar may be hydrogenated to give about briquettes being used in the producers while the 
80% by volume of motor spirit and 20% by Rheinpreussen Co at Homberg (Rhineland) arc 
volume of Diesel oil to make 30 000 tons of petrol per annum from a 

(2) By hydrogenation, this subject will be mixture of coke water gas and coke oven gas 

treated under* Hy drogenation of Coal Further information on the subjects dealt with 

(3) An alternative method of producing liquid in tins section may be obtained from papers by 
fuels from coal which is attracting a good deal h Gordon (J Inst Fuel 1935) and b I ischer 
of attention is that known as the Tischer (ibid 1936) 

Tropseh ’ process which operates at atmospheric Literature — J Percy, Metallurgy Intro 

pressure The process consists in synthesising duction. Refractory Materials and bud J 
aliphatic hvdrocarbons from water gas or a Murray, London 1876 E J Mills and I J 
gaseous mixture containing carbon monoxide Rowan Fuel and Its Applications J and A 
and hydro D en in the ratio of 1/2 Such a mixture Churchill London, 1680 , J S S Bra me and 
nm be obtained bv blowing a w ater gas gene J G King Fuel Solid, Liquid and Gaseous, 
ritorwith 10 cu ft of coke o\ en gas per lb of b Arnold London, 1935, 1Y A Bone and 
steam which gives a gas containing H, 60 OH litmus Coal, Its Constitution and Uses, 
CO 30 Nj and other gases 10%. 330 cu ft Longmans, Green & Co , London 1936, F Frd 
of coke oven gas and 12 lb of steam are used mann and M Dolch, “ Die Chemie der Braun 
for every 1,000 cu ft of gas produced The kohle 1927, R T Haslam and R P Russell 
gas must be purified from dust H.S nnd finally I nets an I Their Coral ttsfion ’ MeCraw Ifill 
trotn organic sulphur which shout 1 not exceed BookC> ken lork 1926,0 \\ llirmis, I ml 
02 g j>cr 100 cu m (0 087 grains per cu ft) listing Leonard Hill J»ndon 1932 W 
Tho gas is passed through s reaction chamber Gibbon, Coal in Great Britain,’ E Arnold, 


’S 





382 


rULLCR’S FARTII 


1889, 456, 526), on material dned at 100° with 
a loss of 27 47% water , 13 33% of all the solid 
constituents, except silica, are soluble in acid , 
III, yellowish fuller’s earth from Nutfield 
Surrey (P G Sanford, 1889), on material dned 
at 100” with loss of 29 50% water , 10 73% 
solids, soluble in acid, IV, from Attapulgus, 
Georgia, USA (P F Kerr, Amer, Alin 1937, 
22, 543) , V, from Martvili, Georgia USSR 
(A A Tvaldchrebdze, Bull Umv Tiflis, 1923, ' 
3, 334 , Mineralogies 1 Abstracts, 1926, 3, 68) , 
VI, from Tehachapi, California (P F Kerr and 
E N Cameron, Amer Min 1936, 21, 235) 
Later analyses and base exchange data by 
Brammall and Leech (le) 



Fuller’s earth occurs as beds in sedimentary 
rocks* belonging to various geological periods 
ranging from the Silurian to the Eocene The 
most important deposit in England is a bed 
8-12 ft in thickness tying between sandstones 
in the Lower Greensand division of the Cret 
aceous system This is worked in open pits at 
Nutfield and Eedhill in Surrey Nearer the 
surface, where oxidised, it is yellowish, but lower 
down it is bluish in colour In Somersetshire, 
Gloucestershire and Dorsetshire, the “ fuller s 
earth formation ’ of geologists, lying between 
the limestones of the Great Oolito and the I 
Inferior Oolite, consists of a thick deposit of 
clays and marls, with beds 2 3 ft in thickness 
of fullers earth of good quality This was 
formerly extensively worked for use m the cloth 
nulls of the west of England, but now is obtained 
only on the Downs to the south of Bath Still 
Binaller quantities were formerly yielded by the j 
Lower Greensand strata near \\obum id Bed 
fordsliirc On the petrography of English 
fullers earth, act E F Newton, Proc Geol 
Assoc 1937,48,175 

For many years the English fullers earth 
was considered the best, and until recently 
large quantities were exported to America 
Deposits hare now been opened up at several 
places in the United States, chiefly in I londa, 
and to a lesser extent m Georgia, Alabama 
Arkansas and C ilifomia In Gadsden Co , 
Florida it occurs as a bed 4-12 ft in thickness 
in bedded clays and sandy clays of Obgocene 
(Tertiary) age American and Caucasian occur 
xenccs are often associated with volcanic rocks, 
and it is suggested that, together w ith bentonite. 


the material has originated by the decomposition 
of a glassy volcanic ash Small outputs are also 
recorded from India and Australia (Wingen 
New South Wales) 

The English output amounts to about 15,000 
tons per annum, whilst double this quantity is 
now obtained in America The price at the pits 
ranges from 25s to £2 per ton The earth as 
dug is dned, crushed and passed through fine 
sieves of silk or bronze gauze 
Although still used for cleaning clotlis, scouring 
yams and washing woollens and fine dyed goods, 
fuller’s earth now finds a more extensive use in 
the refining of oils, grease and lard Mineral 
oils are decolorised and clarified by allowing the 
od to percolate through long cylinders filled 
with coarser fuller s earth Vegetable oils such 
as cotton seed oil, are wanned, stirred with 
6—10% earth and filtered through bags The 
mam points to Le determined in the valuation 
of the earth m the oil industry are the relative 
bleaching pow er and the quantity of oil absorbed 
For a method of testing fuller a earth for these 
factors, tee Richert, Ind Eng Chem 1917, 
9, 599, Analyst, 1917, 42, 340 Fullers earth 
has also been used m the manufactureof pigments 
for printing wall papers Small quantities of the 
finest grades are used for toilet preparations 
References — J T Forter, Properties and 
Tests of Fuller s Earth, U S Geol Survey, Bull 
315, 1907, II Ries, “Clays their Occurrence, 
Properties, and Uses,” 3rd ed , New York, 1927, 
C L Parsons, U S Bureau of Mines Bull 71, 
1913 Fuller s Earth, ’ Imp Min Res Bur 
London, 1920 
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FULLER S EARTHS (t \ot IV, 247) 

" FULLPUL VER" -02 (v Vol IV, 467a) 
FULMINATES (t- IV,535rf) 

FULMIN1C ACID (Ger Knallsaure) 

C NOH 

The acid has not been obtained in a free state 
Stholvien (J pr Chem 1885 (u) 32, 461) 
obtained an ethereal solution of the acid by 
treating sodium fulminate with dilute sulphuric 
acid, keeping the mixture cool and dissolving 
the yellow od thus obtained in ether Wieland 
and Hess (Ber 1909, 42, 1346) have confirmed 
this statement, and found that the acid rapidly 
polymerised to metafulmmunc acid (r infra) 
Howard first showed that when silver nitrate 
or mercuric nitrate was treated with alcohol 
and excess of nitnc acid, a crystalline, detonating 
precipitate, fulminating sdver or fulminating 
mercury, was obtained Analyses of these sub 
stances (Liebig, Ann Chim Phys 1823, [nj» 24i 
312, Annalen, 1838, 27, 133, Liebig and Gay 
Lussac, Ann Chim Phys 1824, [iij, 25, 28o, 
Divers and Jvawakita, J C S 1884, 45, 17) show 
that they are salts of an acid possessing the 
formula HCNO The constitution of this acid 
lias given nse to much discussion Berzelius 
wrote fulminating ether as 

AgjO (AgN) t C 4 N,O a 

Thu formula accounted for the fact that in many 
of its reactions only half of the metal is separated 
also that the double fulminate of potassium and 
silver detonates as violently as fulminating silver 
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hself, the detonation being attributed to the de- 
composition of the group AgN. Laurent and 
Gerhardt next proposed the constitution 
C 2 N(N0 2 )Ag,, assigning the explosive nature 
of the body to the presence of a nitro gronp. and 
the subsequent experiments of Keknle (Annalen. 
1S57. 101, '200 ; 1S53, 105, 279 ) and Sehisehkofr 
(ibid. 101 T 213) apparently confirmed this view. 

Later Kekide formulated fulminic acid as 
nitroacetonitrile, CH 2 (NO„)CN. He based this 
formula chiefly on two reactions which f ulmini c 
acid undergoes. When mercuric' fulminate is 
treated with sulphuretted hydrogen, ammonium 
thiocyanate is produced. and~ with aqueous 
hydrochloric acid, hydroxylamine is the main 
product. The production of ammonium thio- 
cyanate suggests that in fulminic acid there is 
a (CN) group, and that the two nitro sen atoms 
are in different states of combination, which 
facts fit in with the formula proposed. But of 
the two nitrogen atoms only one is represented 
as oxidised and capable of conversion into 
hydrosylamine. whereas Divers and Kawakita 
(J.C.S. 1SS4, 4o. 16) have shown that both 
atoms of nitrogen are so convertible. Schiseh- 
kofi" (Bull. Soc. ehim. 1S60, [ii], 2, 294) doubted 
Kekule’s formula. Steiner proposed 
HO-N:C:C:N-OH 

as the correct configuration {Ber. 1S76, 9, 779) ; 
and Scholl formulated fulminic acid as glyoxime 
peroxide 

CH:N-0 

i i 

CH:NO 

In 1S94 Xef found that on treating sodium 
nitromethane with mercuric chloride, mercuric 
fulminate was produced, and, moreover, that 
sodium nirromethane, on treatment with 
aqueous hydrochloric acid, decomposed into 
formic add and hydroxylamine. as does fulminic 
acid (r. supra). On these grounds Xef formu- 
lated fulminic acid as carbonyl monoxime, 
C:NOH, and represented the production of 
mercuric fulminate from nitromethane as 
follows : 

CH 3 N0 2 Ai - ‘ - ll -> CHy.NO-ONa 

Pseudo-modification. 

H - zC ^ (CH.rNO-O).Hg 

Unstable. 

{C:NO) 2 Hg 

The explosive character of the fulminates is 
accounted for by the presence of bivalent 
carbon in the molecule. It was an old observa- 
tion. first recorded by Liebig, that when mer- 
curic fulminate was treated with hydrochloric 
add of a certain strength, prussic acid was 
evolved, and this fact was long used to support 
the nitroacetonitrile formula for fulminic acid. 
But Xef showed that the compound formed was 
not prussic acid, but ehloroformaldoxime, a com- 
pound possessing an odour similar to that of 
prus-ic acid. 

C:NONa-b2HCI=CHCI:NOHq- NaCl 

Hydrochloric acid converts chloroformaldoxiine 
into hydroxylamine hydrochloride ; sodium 1 
hydroxide regenerates a fulminate (Xef, Annalen, | 
ISO!, 2S0, 263, 305). Moreover, nifroaceto- I 


nitrile has been prepared by removing the ele- 
ments of 'water from methazonic acid. 
C 2 H 4 0 2 N„. and is found to have none of the 
characteristic properties of fulminic acid (Stein- 
kopf and Bohrmann. J. pr. Chem. 1910, [ii], 81, 
97, 193; Ber. 190S, 41. 1044). Scholl (ibid. 
1S99. 32. 3492) applied Friedel and Craft', 
reaction to fulminic acid, and found that on 
gently warming mercuric fulminate with benzene, 
aluminium and aluminium chloride, benzal- 
doxime is produced, a further confirmation of 
Xefs carbonyloxime formula. Angelico (Chem. 
Zentr. 1901, II, 404) obtained fulminic acid by 
treating a solution of mercuric nitrate in excess 
of dilute nitric acid with a concentrated solution 
of malonic acid and a few drops of sodium nitrite 
solution. The course of the reaction is as follows : 

CH.(COOH), -v C-.NOH(COOH) 2 

ifoNitrosomalonic acid. 

— C(:NOOH)(COOH) 2 
isoS itromalomc acid. 

->■ CH (rNOOH)COOH 
ifoXitroacetic acid. 

-> CH,:NOOH — C:NOH 
ifoXitromethane. 

Wieland and Semper (Ber. 1906, 39. 2522) have 
shown that phenylmethylnitrolic acid readily 
decomposes into nitrons acid and the unstable 
benzonitrile oxide. 

/NOH 

CPh<f -v HNO„+Ph0:N:O 
X NO, 

Hence, if a similar decomposition occurs in the 
case of methyl nitrolic acid, the hitherto un- 
known nitrile" oxide H-C;N-.0 or the products 
of its decomposition would be obtained. Wie- 
land (he.) has shown that the products of the 
decomposition of methylnitroh'c acid are fnl- 
minic acid, formic acid and hydroxylamine, 
the decomposition being analogous to that of 
ehloroformaldoxime. The unstable nitrile oxide 
is probably formed first and then undergoes an 
isomeric change into fulminic acid. 

Wohler (ibid. 1905. 38. 1351) has determined 
the molecular weight of fulminic acid by means 
of the sodium salt, which can be prepared in a 
pure anhydrous state by the action of sodium 
amalgam" on mercury fulminate suspended in 
alcohol. The numbers obtained by the cryo- 
scopic method and by determining the equivalent 
conductivities of dilute solutions correspond 
closelv with the numbers required for the mono- 
molecular formula C:NONa. 

In the ordinarv method of preparing ful- 
minates by the oxidation of ethyl alcohol, the 
following chances are supposed to occur (Ii be- 
laud, Ber. 1907, 40, 4 IS) : 

CHyCH.-OH — CHj-CHO 

Aldelivde. 

-CH(:NOH)-CHO 

iV-AitrinnacUnl iclsj J-. 

CH(:NOH) COOH 

aci i. 

-v NO.-C(:NOH) COOH 

; v' \it r- '--’’ : - rv - tie aw'd. 

— NO,-CH:NOH -C: 

iUthjinltreKc a. id. 
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The experimental evidence m favour of the 
above hypothesis is as follows Wohler and 
Theodorovits (Ber 1905, 38 1345) found par 
aldehyde to be a more suitable agent than alcohol 
for the preparation of fulminates, and the for 
mation of methylmtrolic acid from zsonitroso 
acetic acid has been accomplished by Ponzio 
{ J C S 1903, 84, I, 453), Wieland has prepared 
mercuric fulminate from methylmtrolic acid (v 
supra ) , and lastly by treating fulmmic acid w ith 
nitrous acid, Palazzo (ibid 1907, 90 I, 489) has 
obtained methylmtrolic acid as one of the pro 
ducts of the reaction 

The older view of Kekul6 as to the conatitu 
tion of fulmimc acid has now heen finally 
abandoned, and the carbonyloximo formula of 
Nef has taken its place 

Hodgkmson (JSCI 1918, 37, T190 has 
pointed out that mercury fulminate cannot be 
formed in the absence of nitrous acid or a mix 
ture of mtnc oxide and nitrogen peroxide , he, 
therefore, represents the formation and conatitu 
tion of fulmuuc acid by the equation 



Halogen derivatives — The addition of 
halogens to free fulmmic acid prepared in situ 
affords the following additive products in good 
yields CCI 2 NOH, b p 45°/12 mm , 

CBr 2 NOH.HjO, 

mp 40°, CBr, NOH, mp 68-9° (Me ester 
by CH 2 N 2 bp 139-141°), Cl 2 NOH.H.O, 
mp 52°, CIjNOH, mp 69°, the chloro 
compounds are the most and the lodo compounds 
the least stable The initial products of the 
decomposition by heat of these substances 
(130°, 80° and room temperature respectively) 
are the halogenocyanogens and hypohalous 
acids 

Mercuric fulminate or fulminating mer- 
cury (t> Vol IV 536) 

Silver fulminate, Fulminating silver 
C NOAg 

In preparing this substance 1 part silver is dis 
solved in 20 parts mtnc acid of sp gr 1 36 and 
27 parts of 8C° 0 apint of wine added, and 
the whole gently heated until frothing seta in 
The liquid is then removed, and 27 parts or more 
of spirit added in order to moderate the action 
Silver fulminate separates out on cooling 
(Liebig, Ic , cf Nef Annalen, 1894,280,308) 
Silver fulminate 13 not formed, as was stated 
by Liebig (Annalen, 1833, 5, 287), when nitrogen 
tnoxide is led into an alcoholic solution of 
silver nitrate (Divers and Kawakita, J C S 
1884, 45, 27), hut is only produced by the 
energetic oxidation of alcohol by mtnc aeid in 
presence of stiver nitrate Great caution must 
be exercised in the preparation of this substance 
Capacious vessels should be used, to prevent the 
liquid boiling over and the formation of a 
trust of the dry explosive salt on the outside, 
all flame must be kept at a distance, lest the 
v a pours should take fire , and the mixture 


should be Btirred with wooden rods The dry 
salt should be transferred on paper shovels, and 
kept in paper or cardboard vessels, loosely 
covered, to prevent explosion from friction 
Silver fulminate crystallises in white opaque 
glistening needles, scarcely soluble m water, and 
having a bitter metallic taste 
Silver fulminate is an exceedingly dangerous 
body, as it explodes much more violently than 
the mercury salt, by the action of heat by the 
electric spark, by friction or percussion, or by 
contact with sulphuric acid It even explodes 
in the moist state, sometimes under water, by 
friction with a glass rod It may be rubbed to 
powder in a mortar with the finger or with a 
cork The light accompanying the explosion, 
which is beat seen in the dark, is reddish white 
with a tinge of blue (Liebig) When ignited 
under a pressure of about 2 or 3 mm , it bums 
slowly with a visible flame If silver fulminate 
be thrown into a bottle containing chlorine, it 
deflagrates before it reaches the bottom, and 
does not fracture the bottle (E Davy) Silver 
fulminate dissolves in hot aqueous ammonia, 
and the solution, on cooling, deposits ciystalbne 
grains of ammonium silver fulminate 
(C NO) 2 (NH 4 )Ag 

This salt is sparingly soluble m water, and ex 
plodes with much greater violence than the 
silver salt, even u rider liquid, when touched with 
a glass rod (Liebig) Aqueous solutions of the 
hydroxides of the metals of the alkalis or alkaline 
earths, or of the sulphides or chlorides of the 
alkalis, yield similar double salts when boiled 
with silver fulminate Copper or mercury can 
displace silver wholly or in part from silver ful 
inmate Zinc, even on boiling for several days, 
displaces only half of the silver, forming silver 
zinc fulminate The normal zrnc salt is pro 
pared by the action of zinc on mercuric ful 
minate By acting on this salt with baryta 
water, and exactly precipitating the barium from 
tho zinc banum fulminate thus produced with 
sulphuric acid, zinc hydrogen fulminate is oh 
taui/yl By satjUMJj.i'g *Ju& salt with, metallic 
bases, many double salts of zinc fulminate aro 
obtained 

Silver fulminate with tnphenylmethyl chloride 
in benzene gives tnphcnylacetonitnle oxide, 
CPhj C N O, m p 153°, which with HCI 
gives tnphenylaeethydroxamyl chloride, 
CPhj CC1 N OH, m p 178-180° (Wiehnd and 
Rosenfeld, Annalen, 1930, 484, 230) 

Cadmium fulminate, Ca(CNO) s isaSvhite 
powder, stable when dry, but readily decora 
posed by water, in which it is very soluble It 
is one of the most violent explosives, and is 
nearly as sensitive to shock and heat as mercury 
fulminate Thallous fulminate becomes 
yellow on exposure to light, and is the most 
susceptible of all known fulminates to shock and 
increased temperature, but the heat of detonation 
is not high and its explosion is not violent 
Cuprous fulminate is insoluble in water, and 
13 almost as violent an explosive as (adnunni 
fulminate, although not so sensitive to slunk 
(L WShlcr and Martin, Ber 1917, 50, 580) 
Fulmmic acid gives rise to a senes of poly- 
merisation products (e I ulmi’suhio Acids) 
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Solution treated with 
lead acetate and 
ammonia 

Precipitate decomposed 
with sulphuric acid in 
50% alcohol and eolu 
tion fractionally preci 
pitated with barium 
hydroxide 


Precipitate-^-Ooho#*** 


First fraction Second fraction In solution 
Ruberythnc acid Rubiadin prime AtpenUoside 
verotide 


colloidal palladium and hydrogen in cold dilate 
aqueous solution, the sugar residue being 
removed in the process This reaction, together 
with the fact that galioain resembles munjistm 
and xanthopurpunn (VI) m its colour reactions 
and dyeing properties, indicates that the sugar 
residue is in the 1 position 



Gahosm, C 2S H 2a 0 I8 ,6H 2 0, was isolated from 
Rubia tmclorum, li peregnna, Galium, verum and 
G mollugo, and its characteristic colour reactions 
were given by the other species from which t 
purpurin 3 carboxylic acid was obtained It 
forms yellow needles which decompose above 
100° and dissolve in dilute alkalis with a deep 
orange coloration 

Gahosin is extremely unstable and is dec 
posed, for example, on standing with cold dilute 
hydrochloric acid or sodium carbonate solution, 
or by boiling for a few hours with either alcohol 
or water When hydrolysed under very nuld 
conditions with dilute acid, it yielded purpurin 
3 carboxylic acid and a disaccharide identified 
as primeverose (6 fid xylosido d glucose) The 
constitution of the sugar was established by 
hydrolysing it to glucose and d(+) xylose 

The structure of the aglycone, purpurin 3 
carboxylic acid, was confirmed by synthesis 
Condensation of purpurin with formaldehyde in 
the presence of sulphuric acid at 20° yields 3 
hydroxymethylpurpurin (IV) which is con 
verted into purpurin 3 carboxylio acid (I) m P 
218-220° (decomp ), by oxidation with mtroso 
sulphuric acid in the presence of bone acid at 
145° 


Ruberythnc acid, C 2S H 26 0 I3 H 2 0, m p 257°, 
i the glycoside of alizarin (v Vol I, 216c) 
Rubiadin pnmeuerosicie — In addition to gatio- 
sin, the roots of Galium verum contain a con 
siderable amount (0 14% of the fresh roots) of a 
rubiadin glycoside, C 2fl H 28 Oi 3 pale yellow 
parallel sided plates, m p 248-250° Very little 
alizarin glycoside is present m this plant 
When boiled with 0 4iV sulphuric acid for 
6 hours, the rubiadin glycoside yielded <f{+) 
xylose and a product, yellow needles m p 268°, 
which proved to be identical with the rubiadin 
3 glucoside isolated by Schunck and March 
lewski (J C S 1893, 63, 969, 1137) from madder 
Since the rubiadin glycoside gives red salts with 
alkalis, it is evident that one hydroxyl group 
in the anthraquinone nucleus is free, and there 
fore the pentose is attached to the glucose as a 
disacchande By analogy with gahosm it u 
probable that this c£(+ ) xylosido glucoside is 
also a pnmeveroside 


CO 


NO C e H 10 O« O C s H 8 0 4 

JcH a 



VI 


Gahosm is reduced to munjutm (V) under 
extremely mild conditions, e g by treatment with 


Rubiadin prlmeverosfde 

Rubiadin pnmeveroside was also isolated from 
Galium mollugo 

Since gahosm, ruberythnc acid and rubiadin 
pnmeveroside are hydrolysed by the enzymes of 
Primula officinalis and P vulgaris, it is con 
eluded that the sugar residues are attached to 
the aglycones by linkages of the normal p 
glucosidic type 

Asperulostde was recognised by the green 
colour produced on boiling with acid This 
glucoside, isolated by HSnssey (J Pharm Chim 
1925, [vrn] 2, 177, Compt rend 1925, 180, 
1695, 1926, 182, 865, 1927, 184, 1674) from 
Asperula odorata, Galium apanne and G verum, 
forms colourless needles, m p 126-127°, Wo 
—204 4°, Jtf, 410 By hydrolysis with acids or 
emulsin, it yields 43—15% of dextrose and a 
brown precipitate of a decomposition product of 
the unknown aglucone (asperuligenol) Udnssey 
(Bull Soc Chun bioL 1926, 8, 1208) considers 
that aspernloside is probably identical with the 
nibichlonc acid obtained from madder root by 
Rochleder (Annalen, 1851, 80, 321) 

A G P and E J C 
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GALIOSIN, r. Giucx. 

GALIPINE, GALIPOLINE. GALI- 
POIDINE (v. YoL m, 462d, 463a). 

GALLACETOPHENONE, 

C t H,(OH),-CO-CH,. 

Made by condensation of pyrogallol and acetic 
acid. Has been used as a mordant dyestuff 
un de r the name of Alizarine. Yellow C. 

GALLIC ACID, Z-.4-.5-T rii.ydsoxyberrzrAc 
acid, C e Hj(OH);COOH, discovered by Schsele 
in 1786 and its structure elnddated in 1834 by 
Pelonze (Atm, chim. Phys. 1833, [ST, 54, 350’; 
Annalen, 1834, 10, 153), occnrs widely distri- 
buted in many plants rich in tannin and as a 
product of fermentation (Frendenberg, “ Die 
Chemie der matarHchen Gerbstoffe,” Berlin, 
1920; E. Fischer rial, Ber. 1912,45, 929; 1914, 
47, 2495; 1918, 51, 1772; 1919, 52 [B], 183). 
Thns, for example, it may be obtained from the 
Aleppo gall (Dize, Grans J. <L Physifc, 1793, 7, 
401) ; from the acorn of Qitercie aegilops L. 
(Stenhoase, Annalen, 1843, 45, 15) ; from friHofr 
bark (Po-ramin, Erassin and Poframin, Chem. 
Zentr. 1914, 1, 1510) ; from the leaves of Ccrriaria 
japordca A. Gray (17. T. Khriyone, EL Kashtagi 
and S. 2'Iizntani, J. Pharm. Soe. Japan, 1937, 
57, 182) ; from Chinese tea (Hlasivretz and JXalin, 
Annalen, 1807, 142, 234); as the methyl ester 
from the fruit of Czsalpir.ia brevifclia BiAL 
(Xierenstein. Chem. Zentr. 1905, II, 527) ; from 
the bark of Samamdis vi ryir.iea L. (Grnttner, 
Arch. Pharm. 1893, 236, 293) and from Chinese 
galls (Feist and Harm, Chsm.-Ztg. 1912, 36, 
120 2 ). 

It is obtained from tannin, by hydrolysis and 
bv fermentation (Eierenstein, Chsm.-Ztg. 1909, 
33, 125; Ber. 1910, 43, 623; Sisley, EoH. Sot. 
chim. 1909, [ir], 5, 730; Strecker, Annalen, 
1852,81,249; 1854,90,331; Feznbach, Compt. 
rend. 1900, 131, 1214 ; Grnttner, Arch. Pharm. 
1893, 236, 313). It has been formed by heating 
3 :5-dibro n —hydro xy benzoic add frith barium 
hydroxide and v ater at 175 s (Bayer & Co., G.P. 
249939, Chem. Zentr. 1912, II, 655). 

Preparation. — Gallic add is prepared by the 
mould fermentative fission of tannin (Scheele 
and Steer, J.C.S. 1855, 8, 482). Willstem {ibid. 
18-53, 5, 435) recommends an addition of yeast 
for the yo rk ing of Chinese galls. 'The add may 
be isolated from the mother honor as the lead 
salt (Heiremarm, Chem. Zentr. 1901, H, 1285). 
1L Eazarento (J. AppL Chem. Russia, 1937, 10, 
165) gives a method for obtaining the add in a 
70% yield by hydrolysing the aqueous extract 
of t anr in -containing plants frith NaOH. The 
technical methods of preparation are dis- 
eased bv L TeHno (J. Pharm. Soc. Japan, 1929, 
49,1-59). 

Physical Properties. — Gallic add exists in two 
polymorphic forms (E, lindpaintner, llfkro- 
chem. 1939, 27, 21). Ir is soluble in 3 parts of 
bo iling vrater ; 132 parts ~ater at 12-5' ; 4-5 
parts absolute alcohol; 40 parts ether; 3-4 
parts acetone and 12 parts ethyl acetate; 
insoluble in chloroform and benzene (Rosenheim 
and Schiarovitz, J.C.S. 1S2S, 73, 832). It cry- 
stallises from vater in monoclinic prisms vita 
1 HjO — hich it loses above 10O" and melts at 
233— 240 s (Pe rkin and Wood, ibid. 1895, 73, 376 ; 
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S. Hrrano, J. Soc. Chem. Ind. Japan, 1939, 42, 
StrppL binding 26). d v solid, 1-694 (Schroder 
Ber. 1879, 12, 1612; 1880, 13, 1074). Electrical 
dissociation constants by potenriometric titra- 
tion and corrected for interionic attractions 
K 1 =4-63 x 10— 5 ; ELj=l-41 x ID -5 at 30 s (C. 
Abichandani and S. Jatkar, J. Indian Inst. Sd. 
1938, 21A, 417). The add is distinctly tetra- 
basic, as shorm by electrometric titration (S. 
Sunifaarikar and S. Jatkar, ibid. 1938, 21A, 209 ; 
Hans Schweitzer, Collegium, 1933, 149). Raman 
spectra (B. Susz, S. Fried and E. Briner, Helv. 
Chim. Acta. 1936, 19, 1359). Exchange experi- 
ments rvith heavy water (F. 3Innzberg, Z. 
physikaL Chem. 1936, [B] 33, 23). Effect of 
colloids on the solubility in water (L. Steen- 
hmsen, Pharm. Weekblad, 1930, 67, 1269). 

Chemical Properties. — Gallic add decomposes 
into COj and pyrogaHol fay dry distillation 
(Bracannot, Annalen, 1832, 1, 26 ; Pelouze, ibid. 
1834, 10, 159 ; Liebig, ibid. 1857, 101, 48) ; by 
beating with 3 parts fra ter under pressure at 200 s 
P e Lnynes and Esperandien, Compt. rend, 1865, 
61, 489) ; by heating frith glycerin (Thorpe, 
Pharm. J. 1881, [in], 11, 990), or frith 2 parts 
aniline (Cazenenve, BnIL Soc. chim. 1892, [iii], 
7, 549 ; 1895, [iii], 15, 72 ; von Hemmelmayr, 
Monatsh. 1911, 32, 790; 1913, 34, 372). 

Oridation. — An alkaline solution of gallic add 
absorbs oxygen from the air, forming a dark red 
solution (Buckner, Annalen, 1845, 53, 369 ; Lie- 
big, ibid. 1851, 77, 111; Vaukel, Z. angev. 
Chem- 1903, 16, 391 ; Schevket, Biochem. Z. 
1913, 54, 277). In the presence of air, at —5 s to 
~5~ and 2-3 znoL of alkali, gallic add forms gaHo- , 
Savin. (Bohn and Graebe, Ber. 1887, 20, 2323). 
GalHc add on oxidation frith nitric add (Schiner, 
ibid. 1892, 25, 7 22); chlorine, or CuS0 4 and 
alkali yields oxalic add as the main product 
(Botiinger, Annalen, 1890, 257, 248; 1890, 
260, 337 ; Bfetrix, Compt. rend. 1895, 122, 1545); 
frith cone, sulphuric acid 1:2:3:5:6:7-Hexs- 
droxy anthra quin one (rufigallic add) is ob- 
tained (Bobiquet, Annalen, 1836, 19, 204). 
EEagic add is the product obtained by oxidising 
frith persulphates in the presence of acetic and 
sulphuric adds (Perkin, J.CJS. 1905, 87, 1412; 
1905, 89, 252); frith KMnO t -fHjSO, (Oser 
and Flogl, Ber. 1876, 9, 135) ; frith 

Fe 3 (S0 4 )j-r H.SO^ 

(BleuIerandPerirfn, J.C.S. 1916,109,541); frith 
iodine and vrater (Griessmayer, Annalen, 1S»I, 
160, 55); and frith KCIOj'-f HCI (Buschiye-, 
Chem. Zentr. 1910, L 1011); frith hydrogen 
peroxide it yields aconiric acid (Kariyone, 
Earifragi and Miztrtani, J. Pharm. Soc. Japan, 
1937, 57, 182). With ferric salts the oridation 
product forms a black blue predpitate (Barressril 
Compt. rend. 1844, 17, 739; 1S44, 17, 1054; 
Wackenroder, Annalen, 1840, 31, 78; Arch. 
Pharm. 1841, 77, 269). Pupurogallincarboxyh'c 
add and in some cases fiavellagic acid are 
obtained by electrolytic oridation of gallic add 
(A. Perkin "and F. Perkin, J.CJS. 1964. 85, 245; 
1905, 93, USB). 

Redaction. — Gallic add is only appreciably 
reduced in alkaline solution, benzoic add being 
produced (Guignet, Comet, rend. 1591, 113, 200 ; 
Gardner and Hodgion, ‘ J.CJ5. 1909, 59, 1S19). 
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Halogenahon — Chlorination in chloroform 
yield a mixture of dichlorogallic acid and tri 
ckloropyrogallol (Bictnx, Bull Soc chim 1896, 
[m], 16, 904) Both mono and di bromogallic 
acid are produced by bromination under various 
conditions (Hlasiwetz, Annalen, 1857, 142, 250; 
Gnmaux, Compt rend 1867,64,976, Bi4trix, 
Bull Soc chim 1892, [m] 7,412, 1893, [m], 9, 
241 , Etti, Ber 1878, 11, 1832) Iodine acts 
as oxidant (see aboie) 

Gallic acid condenses with many aryl hydroxj 
compounds (Noelting and Meyer, ibid 1897, 30, 
2591 , Graebe and Lichengrun, Annalen, 1892, 
269, 313, GP 49149), while HCHO m the 
presence of HCI yields four different 2 2 
methylene digallic acids (Mohlau and Kahl, 
Ber 1898, 31, 259, Kleeberg, Annalen, 1891, 
263, 285, Nierenstem and Webster, Ber 1908, 
41, 81) Gallic acid may be successfully acety 
lated to triacetyl gallic acid with either acetyl 
chloride or acetic anhydride (Schiff, Annalen, 
1872, 163, 210, Bottmger, Ber 1884,17, 1503, 
Sisley, Bull Soc chim 1894, [in], 11, 565, 
Iteychler, Chem Zentr 1908, I, 1042, F 
Chattaway, J C S 1931, 2495) 

Gallic acid and its derivatives undergo con 
densations with mtrosodialky lamlmes (Frill I, 
267, II, 168, 167, IV, 48o, 506, Chem Zentr 
1910, I, 391, Houben, Ber 1913, 46, 3992) 
and u ith quinonechloroimine (Chem Zentr 1912, 
I, ISO) to form dyestuffs of the oxazrae or gallo 
cy arnne groups It also condenses with o nitroso 
naphthols or o aminonaphthols to form brown 
dyestuffs used in tanning (FrdI IV, 604) 
Detection and Estimation — For colour re 
action with iron salts, see Chemical Pro 
perties, also Wemland and Binder (Ber 1912, 
45, 161) In presence of cone sulphuric acid, 
alkaloids containing a methylene dihydroxy 
group exhibit a blue or green coloration on 
an alcohobc solution of gallic acid (Labat, Bull 
Soc chim 1909, [iv], 5, 742) A solution of 
KCN [1 30] produces a ruby red coloration 
(Gnggi, Boll Chmi farm 1898,38,5, Sanchez, 
Bull Soc chim 1911, [iv], 9, 1058) An alkaline 
lead solution shaken with gallic acid in the 
presence of air produces a red colour (Spica, 
Gazzetta, 1901, 31, II, 206), but if the lead is m 
excess the colour is green (Schewhet, Biochem 
Z 1913, 54, 280) For further colour reactions, 
see J Quastel (Analyst. 1931, 56, 311), S A 
Celai (Rev Centro estud farm y bioqulm, 1928, 
16, 642) and Bottmger (Annalen, 1890, 256 
341, JSCI 1890, 9, 450) A microchemical 
reagent consisting of formol and HCI gives a 
micro crystalline solid with gallic acid (L Rasi 
and S Celsi, Anales farm bioqulm, 1931, 2, 
40) Assay for punty of gallic acid is given m 
“ Deutsches Arzneibueh,” Cth ed , Berlin, 1926, 
20 

Gallic acid has been estimated by the iodo 
metric method (Gardner and Hodgson, Proc 
Chem Soc 1908, 24, 273, Dabvi, J Indian 
Inst Sci 1931, 13A, 193, Spica, Gazzetta, 
1901, 81, l), 201 , Hamach, Arch Pharm 1896, 
234, 537 , Buchner, Annalen, 1845, 53, 637 , 
Hinsdale, Chem News, 1801, 64, 61 , Dreaper, 
JSCI 1893, 12, 412, Chem News, 1904, 
90, 111, Jean, JSCI 1900, 19, 3S2), by 
precipitation as bismuth subg&llate (M Hirsch, 


Chem Ztg 1927, 51, 718), by using Kesslers 
reagent (M Goswami and A Shaha (J Indian 
Chem Soc 1937, 14, 208) , by neutralisation 
with alkali (Procter and Bennett, JSCI 1906, 
25, 251) 

Salts of Gallic Acid — Gallates of the metals 
are m general produced by the reaction of gallic 
acid with an oxide or hydroxide of a metal with 
a higher atomic number than 21 (Hans Schmidt 
(to Winthrop Chemical Co ) U S P 1889383, 
Nov 29, 1933, Buchner, Annalen, 1845, 53, 
175) “ Dermatol," q i , is bismuth subgallate 
and “ A t red,” q v , is bismuth oxi iodo gallste 
“Oallogen (gallol)," is the aluminium salt and 
used as an antiseptic astringent 

Uses — Gallic acid is employed as photographic 
developer, w the manufacture of mbs, prepara 
tion of dyestuffs and m medicine (G Cohn m 
F Ullmann, " Enzyklophdie der techmsehen 
Chemie,” 2nd ed , Vol V (Berlin, Wien, 1930), 
p 469) 

GALLISIN (e Vol II, 299a) 

GALLIUM. Atomic weight 69 72 (69 74, 
Lundell and Hoffmann, 1935), atomic number 
31, isotopes 69 and 71 

Predicted by Mendel^ef and called by him 
eka alu mini um, gallium was discovered by 
Lecoq de Boisbaudrnn in 1875 during the 
spectroscopic examination of material isolated 
from the zinc blende of Pierrefitte in the 
Pyrenees Although always occurring in minute 
quantities it is widely distributed m nature and, 
as might be expected, is often found associated 
with aluminium in days, felspars, nephelines 
etc It is frequently a constituent of zinc 
blendes while it may also accompany iron, 
manganese and chromium m their ores , hence 
it has often been detected in commercial samples 
of these metals The richest mineral source of 
the element agermanilc (7 r ), a copper sulphide 
ore found in South V’est Africa which may 
contain 0 5-0 7% of gallium It is found in the 
ash of many coals m amounts up to 0 05% 
while in flue dusts an enrichment may take 
place, samples containing up to 2% having been 
obtained (Goldschmidt and Peters, Naehr Ges 
Wiss Gottingen, 1931,165, 1933,371, Rainage, 
Nature, 1927, 119, 783, Morgan and Davies, 
Chem and Ind 1937, 56, 717) 

At present the only source being worked for 
gallium is the rhenium rich copper schist of 
Mansfeld The aluminium phosphate residues 
occurring during the isolation of molybdenum 
and rhenium from this schist are dissolved in 
caustic soda and the solution carefully acidified 
with sulphuric acid when a precipitate consisting 
of basic sulphates and phosphates of aluminium 
and tm is obtained , this may contain upwards 
of 7% of gallium The precipitate is dissolved 
in 4 A sulphuric acid and the solution submitted 
to fractional hydrolysis by adding water or, 
better, sodium sulphite Gallium accumulates 
in the first fractions and these are again taken 
up in sulphuric acid, the solution now being 
treated with hydrogen sulphide under pressure 
to remove molybdenum and tin The filtered 
liquor is then made strongly alkahne and the 
metal extracted elect roly tically (Feit, Angew 
Chem 1933,46,216) 

In the further purification of the metal one 
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or more of the following operations are used: 
(a) conversion into the chloride and extraction 
ofthis from 6A'-HC! with ether; after removing 
the solvent the dilute solution of the residue is 
treated successively with hydrogen sulphide to 
remove heavy metals and excess sodium 
hydroxide to remove iron ; ( b ) crystallisation of 
the alum, (NH,)Ga(S0 4 ) 2 ,12H 2 0 ; (c) frac- 
tional distillation of the chloride or bromide ; 
(d) fractional crystallisation of the metal. 

Physical Peopeehes. — Gallium is a bluish- 
white diamagnetic metal melting at 29-78" to a 
lustrous silvery-white liquid the boiling-point, 
of which is estimated to be about 2,300° abs. ; 
the liquid shows a great tendency to superfusion. 
Two isotopes 69 Ga and n Ga are known, the 
relative abundance being l-6:l-0 from which, 
assuming a packing fraction of — 9-S x 10~*, an 
atomic weight of 69-71 is obtained. At tempera- 
tures removed from the melting-point gallium 
is hard and brittle though at room temperature 
it may be rolled into thin films ; it marks paper 
with a grey streak and its hardness on the 
Moll scale is given as 1-5 (Rydberg) or 2-3 
(Einecke). The density of the solid is 5-904 
and of the liquid 6-095, the dilation on solidifi- 
cation being 0-00531 c.c. per g. The compressi- 
bility at 20° is 2-09 X 10~ 5 , approximately half 
that for the liquid (3-97 x HU 6 ). The latent 
heat of fusion=— 19-16 g.-caL; specific heat 
between 0° and 16®=0-0S87 while that of the 
liquid is 0-0977 ; atomic heat ■ — 6-25. The mean 
coefficient of expansion (a) over the temperature 
range —78-3 to 18° is 5-3 x 10~ 5 and for the range 
32-8-310° is ll-S7xl0- s . 

The specific resistance of solid gallium is nearly 
twice that of the liquid, p(0°)=53-0xl0~ 6 , 
p(30-3°)=27-2 x 10""® ; Hall effect =-6-3xI(H. 
At temperatures near the absolute zero the metal 
becomes superconducting. 

Spectra. — In the X-ray spectrum the chief 
lines of the K series are o 1 =1-350a, c,=1-340S7a, 
o 3 =1-331S6a, /3 1 = 1-20543 a, /3 2 =f-193SA, fy 
=1-1959a. The critical K absorption line is 

1- 1902a while the wave-length of the main K 
absorption edge is 1-1925a. 

Both the arc and the spark spectra of gallium 
contain a number of intense lines suitable for 
purposes of detection ; the most persistent lines 
are the two violet ones 4172-05 and 4033-03. 
The spectral series have been studied by Ryd- 
berg (K. Svenska Vet. Akad. HandL 1890, 23, 
Xo. 11), Pascben and Meissner (Ann. Physik, 
1914, (4), 43, 1223), absorption spectra, Grotrian 
(Z. Physik, 1923, 12, 21S; 18, 169), X-ray 
spectra, Gwinner (ibid. 193S, 108. 523) see ateo 
Powler, “ Report on Series in line Spectra,” 
London, 1922. 

Crystal Structure of Gallium. — Orthorhombic 
with three different axes : £=4-5167,5=4-5107, 
c=7-6448, a:c 1-6926. Each atom is surrounded 
by seven others, one at 2-43 and two each at 

2- 70, 2-73 and 2-79 a. This structure consists 
either of deformed hexagonal rings or possibly 
contains Ga. molecules (Bradlev, Z. Krist. 1935, 
91, 302). 

Chemical Peofeeixes. — The metal is stable in 
dry air but slowly tarnished in moist air or 
oxygen, the action proceeding more rapidly in the 
liquid phase. It does not decompose water 


although with caustic alkalis hydrogen is slowly 
evolved. Of the mineral acids concentrated 
hydrochloric acid alone attacks it to any 
appreciable extent in the cold. The action of 
nitric acid is comparatively slow even on warm- 
ing for, like iron and aluminium, the metal 
acquires a certain degree of passivity; this is 
due to the resistant film formed under the action 
of oxidants. With liquid gallium the film is 
particularly tenacious and being fairly elastic 
is not easily perforated. Halogens attack the 
metal with vigonr and the evolution of light and 
heat, although in the case of iodine wanning is 
necessary to initiate the reaction. 

Two classes of compounds are known in which 
gallium is respectively bivalent and trivalent; 
in addition there is also evidence of univalent 
derivatives. 

Alloys. — Xumerons binary and a lesser 
number of ternary, quaternary and even quin- 
temarv combinations have been produced some 
of which are liquid at room temperatures. 
Copper-gallium alloys resemble the brasses of 
aluminium, indium and tin. A little gallium in- 
creases both the strength and hardness of copper 
bnt the electrical conductivity is considerably 
decreased. A higher gallium content renders 
the alloys brittle so that they cannot be turned ; 
this applies also to silver and zinc alloys. On 
the other hand gallium-magnesium alloys are 
easily turned or rolled while they may possess a 
hardness up to 50 Brinell. With aluminium, 
indium and tin there are formed low melting 
alloys ; the eutectic with tin contains 8 atomic 
per cent, of this metal and melts at 18°. Addi- 
tion of indium lowers the melting-point still 
farther so that an alloy of 60% Sn, 30% Ga 
and 10% In has been recommended to replace 
mercury. 

Uses. — Gallium has been used to some extent 
in thermometry, fused quartz being used instead 
of the glass of ordinary thermometers ; tempera- 
tures up to 1,000° may be measured (Boyer, 
J. Opt. Soc. Amer. 1926, 13, 117 ; cf. F.P. 
610192; G.P. 453184). Mercury may also be 
replaced by Ga-Al alloy in ultra-violet ray 
lamps, the therapeutic effect being further in- 
creased by small additions of cadmium, bismuth 
or mercury (G.P. 217951). Other suggested uses 
are in radio valves (U.S.P. 1866195), as a liquid 
seal in strongly heated apparatus which is being 
evacuated (G.P. 562212) and for coating optical 
mirrors. 

Organic gallium salts also exert some curative 
action in experimental syphilis and trypano- 
somiasis (Levaditi, Bardet, Tchakinan and 
Vaisman, Compt. rend. 1931, 192, 1142). 

Compounds of Gallium. 

Galliot and Balog exs. 

Gallium trifiuoride, GaF 3 . — White powder, 
subliming at 950°, obtained by heating am- 
monium gallifluoride, (N H 4 ) 3 GaF c , in nitro- 
gen or fluorine at 250-400°. It is insoluble in 
water but dissolves in hydrofluoric acid and 
concentration of this solution leads to the 
formation of the crystalline trihydrate, 
GaF s .3HjO, which may also be prepared by 
dissolving'the metal or oxide in excess HF. 
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The hydrate is perceptibly soluble in hot water 
and easily dissolves in dilute hydrochloric acid, 
when heated to 140° i n txiCHo the water of crystal 
lisation is slowly expelled Extraction of the 
tnhydrate with hquid ammonia yields the tn 
ammomate GaF s 3NH s , the existence of a 
diammomate is also indicated (Klemm and 
Lilian, 2 anorg Chem 1939, 241, 93) 

White double fluondes of the cryolite type, 
R s GaF e (R«=alhali metal or NH t ) have been 
made by dissolving stoichiometric amounts of 
the necessary fluondes, oxides or carbonates ir 
HF and evaporating The ammonium com 
pound when gently heated forms (NH,),GaF s 
and (NH 4 )GaF 4 while Ga(NH,)F, and 
Ga(NH)F are produced at 220° and 400° 
respectively (Pugh, J C.S 1937, 1046, 1959, 
Hannebohn and Klemm, 2 anorg Chem 1936, 
229, 337, Henkel, Angew Chem 1934, 47, 
726 , Johnson and Parsons, J Amer Chem Soc. 
1932, 64, 258S , Aston, Nature, 1923, 112, 449, 
Elnecke, “ Das Gallium,* Leipzig, 1937) 

Gallium trichloride, GaCl s — Prepared by 
the action of chlorine or hydrogen chloride on 
the metal or by heating the oxide m carbon 
tetrachloride , if the stream is sufficiently rapid 
gallium may take fire in the halogen burning 
with a pale blue flame The chlonde is purified 
by fractional distillation, first m air and then 
tn vacuo , colourless needles, m p 7S°, b p 
205°/765 mm (Klemm and Tilk, Z anorg 
Chem 1932, 207, 161), 201 3° (Fischer and 
Jubermann, ibid 1936, 227, 227) Heat of 
formation at 20°= 125 kg cal , density of sobd 
d? 2 47 , of the hquid d 2 063-4) 00205(1-78°) 
Vapour density measurements indicate that just 
above the boiling point the chloride ia bimole- 
cular (Ga.CI.) while at 440° dissociation into 
simple molecules is complete , at 1,000° decom 
position into GaCl s becomes evident G album 
tnchlonde is very hygroscopio and easily 
hydrolysed , it fumes in damp air and dissolves 
in water with the evolution of heat forming a 
dear solution having an acid reaction and from 
which, on long standing crystalline oxychlorides 
may be deposited , one such compound isolated 
by de Boisbaudran had the composition 
Ga.CI, IZHjO.ZGajO, H,0 
The aqueous solution loses hydrochloric acid on 
evaporation and a gel is produced Unlike 
aluminium chlonde, gallium chlonde is freely 
soluble m ether and is almost completely ex 
traded from solutions m 6 A* hydrochloric acid 
by this solvent. No denva tires corresponding 
to the gallihexafluondes are known but Kraus 
and Toonder (Proc Nat Acad Sci 1933, 19, 
£98) have obtained NH 4 GaCI, by acting on 
tnmethylg album ammine, Me,GaNH,, with 
hydrogen chlonde For ammomates of GaCI,, 
ttt Klemm, Hlk and Jacobi (Z anorg Chem 
1932.207, 167) 

Gallium dichlonde, GaCL — Prepared by 
heating gallium with its tnchlonde at £00° or by 
incomplete chlorination of the metal and distill 
mg the colourless, strongly refracting hquid in 
carbon dioxide White crystals, m p 164°, bp 
535° , in common with other gallium halides it 
t exhibits to a marked degree the phenomenon of 
supercooling The dichlonde is deliquescent, the 


crystals dissolving to a colourless solution which, 
on dilution, deposits a brown precipitate posses* 
mg reducing properties , this precipitate slowly 
becomes colourless and dissolves, probably as an 
oxy chlonde of tn valent gallium The action cf 
water on the dichlonde always leads to the 
evolution of a gas, presumably hydrogen, bet 
which, from its peculiar odour and action on test 
papers impregnated with silver or lead salts, 
was thought by de Boisbaudran to be a gallium 
hydnde G album dichlonde does not yield am 
momates but with liquid ammonia at —"8° it 
forms GaCt, 3NH a and Ga (de Boisbaudran 
Compt rend 1881, 93, 294, 329, 1SS2, 95, 18, 
Nilson and Pettersson, Z physikah Chem 1SSS, 
2 657 , Dennis and Bridgman, J Amer Chem 
Soc 1918, 40, 1531, Richards el al , iJii 
1919, 41, 500, Bowden and 0 Connor, Proc. 
Roy Soc 1930, A. 123, 317, Klemm and Tilt, 
Z anorg Chem 1932, 207, 161, 177, Fischer 
and Jubermann, ibid 1936, 227, 227, Both 
and Buchner, Z Elektrochem 1934, 40, 87) 
Gallium monochloride, GaCI —Vapour 
density measurements on gallium dichlonde 
above 1,000° indicate a certain degree of dis 
sociation into the monochlonde while a study of 
the spectra of gallium halides shows the presence 
of band systems resembling those for InCI, 
InBr and Ini (Miescher and Wehrli, Hely 
Phys Acta, 1933, 6, 458, 1934, 7, 331) 
Gallium tnbromide — Prepared by passing 
nitrogen laden with bromine vapour over the 
metal and purified by sublimation under low 
pressure and at about 100° Colourless hyg«>- 
scopio needles soluble in a little water to a clear 
solution having an acid reaction, mp 1-1 5 
(122 5°, 124 5°), bp 270°/750 mm , d 1M 3 69. 
rfn„ 3 13S-0 0029(1-125°) (Fischer and Juber 
mann, l c., Klemm et al , l.e , Johnson and 
Parsons, J Physical Chem 1930, 34, 1210) 

The tnbromide forms a number of ammomates 
of which the hexammine, GaBr a 6NH a is 
stable in dry air at 18°, in the presence of 
moisture an exchange of NH, for H a O takes 
place 

Gallium dibromide — Less volatile than the 
dichlonde, it is formed by the action of bromine 
on excess of the metal 
Gallium trilodlde — At ordinary tempera 
lures iodine acts only slowlv on gallium but com 
bination takes place readily on warming T“® 
truodide is best prepared by heating equivalent 

a uantities of the elements in an evacuated flasK, 
le product being purified by sublimation under 
reduced pressure It forms pale, lemon yellow, 
hygroscopio crystals, readily soluble in, _ 
hydrolysed by, water, m p 212° (213 5 , -10 ), 
b p 346°, d™ 4 IS, rfuq 3 60-0 00224(1-211°) 
Of its ammomates the monammine melts at 
140° while the hexammine is stable in air at room 
temperature although very sensitive to moisture 
Gallium dllodlde — Light yellow crystals 
melting to a volatile, easily supercooled, rea 
liquid, it is obtained similarly to the other 
dih slides 

Gallium perchlorate, chlorate lodateand 
oxylodate have also been made (\eogi ana 
Nandi, J Indian Chem Soc 1937, 14 49-. 
Foster, J Amer Chem Soc 1939, 61, 3121) 
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GaLT-TT^I A5D OXTGZTC. 

Gallium sesquioxide, Ga.O,. — When 
strongly heated in air or oxygen gallium bums 
until a violet Same, producing the sesquioxide 
which is usu al ly prepared by thermal decom- 
position of the salts or by dehydration of the 
hydrate above 900 c . The latter retains mater 
tenaciously vrhile, moreover, the oxide is 
hygroscopic unless heated to 1.2Q0 = ; it is then 
insoluble in alkalis and only slorrly so in mineral 
adds other than hydrofluoric. The melting- 
point is given as 1,740* by Wartenburg and 
Belch (Z. anorg. Chem. 1932, 207, 1) and as being 
above 1,909' by Centola (Amer. Chem. Abstr. 
1936,30,4356). Like alumina it exists in several 
modifications ; the oxide (c-Ga.O,) prepared 
at 430* possesses a structure simil ar to corundum 
and this changes at 625" to £-Ga,0, -which is 
monoclinic or rhombic and is stable up to the 
melting-point ; density of c-form 6-44 and of 
£-form 5-SS. Addition of certain oxides such as 
those o£Ti, P/In, Pt and Cr induces fluorescence 
or phosphorescence in gallium oxide when it is 
heated in the oxy-hyarogen Same or in a cathode- 
rav furnace (Tiede and Luders. Eer. 1933, 66 [B7, 
16S1). 

Gallium oxide is violently reduced to the metal 
on heating with magnesium ; . reduction also 
occurs when hydrogen is passed over the red- 
hot oxide although at lower temperatures the 
suboxide Ga.O is apparently produced. 

Gallium monoxide, Ga 6. — All attempts to 
reduce the sesquioxide result only in the for- 
mation of Ga 2 6 although Klemm and Schnick 
(Z. anorg. Chem- 1936, 226, 353) state that the 
sublimate produced on heating Ga.Oj-f-Ga ir. 
vncuo contains some monoxide. See cho 
Guemssv (Phvslcsl P.ev. 1934, [iff, 46, 114) and 
Sen {Indian J. Physics, 1936, 10, 429). 

Gallium suboxide, Ga 2 0. — Produced as a 
brown powder when the sesquioxide and metal 
are heated together at 709* ana purified by sub- 
liming in a high vacuum at 500* ; above 509* it 
begins to decompose into Ga.O. and Ga. The 
oxide is stable in dry air and is only superficially 
oxidised on hea ting ; nitric acid or bromine 
energ eti cally convert it to the tervalent state; 
it reduces cold dilute sulphuric add to hydrogen 
suluhide (Brukl and Ortner, Z. anorg. Chem. 
1931, 203, 23). 

Gallium hydroxide or oxy-hydrate, 
Ga(OH) s or Ga.0 3 .3H.0. — When a solution 
of a gallic salt is 'treated'with ammonia, alkali 
hydroxide, carbonate or bicarbonate there is 
produced a white gelatinous precipitate the com- 
position of which is somewhat doubtful and 
probably varies with the experimental con- 
ditions. Havestadc and Fricke (Z. anorg. Chem. 
1930, 188. 357) state that it approximates to 
2Ga.0..3H.0 while Xeogi and Xanai (J. 
Indian C'hem. Soc. 1936, 13, 399) give 
Ga.0 3 .3H : 0. 

The latter authors state that on drying in vcc\o 
the compound Ga.O.,2H.O is obtained which, 
unlike tie freshly precipitated material, is in- •. 
soluble In organic adds. A monohydrste. 
Ga.O.. H.O, is also known and it is this com- 
pound which is obtained when the hydroxide is 
formed slowlv or allowed to age. According to 


TTeiser and Milligan (J. Physical Chem. 1938, 
42. 6 13) rapidly predpitated or un-aged samples 
are merely the hydrpus oxide (Goldschmidt e! 
el., Xorske Videnskapsakademie Arhandlinger 
Matem-Xaturvid. Klasse, Oslo, 1925, 1, Xo. 7 ; 
Bohn and K a han, Z. anorg. Chem. 193S, 23S, 
350 ; Laubengayer and Enrie. J. Amer. Chem. 
Soe. 1939, 61 1210). Gallium hydroxide is readily 
soluble in adds and alkalis although like alumi- 
nium hydroxide it exhibits the phenomenon 
of ageing. For analytical purposes it is best 
predpitated by boiling a slightly add solution 
with sodium or ammonium sulphite or with 
sodium azide; tartaric and dtric adds binder 
predpitation. The hydroxide manifests almost 
equal basic and Eddie properties, the latter being 
more pronounced than in the case of alumininm 
hydroxide. Xo metallic gallates have been pro- 
duced in the wet way although compounds of the 
spinel type have been made with beryllium, 
magnesium and zinc, these being obtained by 
heating stoichiometric amounts of the intimately 
mi x ed oxides at 1,009". Such metagallates have 
the general formula, MGa.O^, and are white 
crystalline compounds of which the Mg and Zn 
salts are rendered capable of phosphorescence 
by admixture with Mg and Zn metachromites. 

G.ji.t.tuxt AVD SrXPHTB- 

Gallium sulphides. — The sesquisulphide, 
Ga.S-. is a yellow substance formed by heating 
the metal at 1 ,200-1, 300 : in a current of sulphur 
or purified hydrogen sulphide ; it melts about 
1,250" and is decomposed bv water ; the densitv 
is 3-48 (3-65). 

GaHrtrm monosulpbide, GaS, is produced 
either by reducing the sesquisulphide with 
hydrogen or byheatingthe elements in the correct 
proportions; when sublimed at S00 c it forms 
yellow crystals, m.p. 965". This bivalent sul- 
phide is stable to water, produces hydrogen sul- 
phide with acids and burns in bromine. Heated 
in a high vacuum at 700" it gives a readily volatile 
greyish sublimate of the sub-sulphide Ga.S, 
which is only slowly attacked by water. It is 
violently oxidised by bromine, while it decom- 
poses when heated, producing the sesquioxide 
and the metal (Moser and Brukl, Monatsh. 1928, 
50, 181; 1929, 51, 325; 52, 253; Brukl and 
Ortner, ibid. 1930, 56, 35S ; J obnson and Warren, 
Xaturwiss. 1930, 18, 665; Klemm and von 
Vogel, Z. anorg. Chem. 1934, 219, 45). 

The corresponding eeler.ides and UHundes, 
with the exception of Ga.Te, have also been 
made (Klemm and von Vogel, l.c.). 

Gallium sulphates. — White octahedral cry- 
stals of Ga.{SO*) 3 .t6H.O are formed by ab- 
solving the oxide or hydroxide in sulphuric acid 
and precipitating with alcohol and ether; the 
sulphate is insoluble in ether but is readily so 
in water or 60)o alcohol. The dilute aqueous 
solution deposits a basic sulphate when heated 
but this redissolves on cooling. Gallium re- 
sembles al umi nium in that its sulphate readily 
forms “ alums ” of the type 

M.SO t Ga.(SO«) s ,24H.O, 

where M = NH < . K, Rb, Cs ar.d Ti. Tc'* 
solubilities of the ammonium and cr-sium double 
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salts are respectively 30 84 and 1 51 g per 100 
cc of solution The ammonium “ hlum ” 
behaves like galhuqj sulphate when dilute sola 
tions are heated (Soret, Compt rend 1884, 99, 
867, 1885, 101, 156, Tchakirian, ibid 1929, 
189, 251 , Dennis and Bridgman, J Amer 
Chem Soc 1918, 40, 1531 , Willard and Fogg, 
ibid 1937, 59, 1197, 2422) 

Qalltum selenate containing 16 and 22 mol 
H 2 0 and a gallium csesium selenate with 24 mol 
HjjO are also known (Dennis and Bndgman, 
l c , 1558) 

Gallium and Nitrogen 
Gallium nitride, GaN — When gallium 
interacts with ammonia at 900-1,200° there is 
slowly formed a dark grey nitride, GaN, of 
considerable stability, it is unaffected by air, 
water and dilute acids and dissolves only slowly 
in hot concentrated H 2 S0 4 or NaOH Hydro 
gen does not attack it while with oxygen above 
900° it gradually forms Ga 2 O a , it may be 
sublimed above 800° (Johnson, Parsons and 
Crew, J Physical Chem 1932,36,2651, Klemm, 
Jacobi and Tilk, Z anorg Chem 1932, 207, 
187, Lirmann and Schdanov, Acta Physico 
chim URSS 1937, 5, 306) 

By shaking liquid gallium with active nitrogen 
Tiede and Knoblauch (Ber 1935, 68 [B], 1149) 
obtained a nitride which differed from the above 
in being easily attacked by water, acids and 
, alkalis and in losing nitrogen on heating to 160° 
Gallium nitrate — A solution of gallium or 
its sesquioxide m nitric acid when concentrated 
and cooled deposits large, clear, hygroscopic 
prisms of Ga(N0 3 ) 3 ,8H 2 0 which, according to 
Dupr4 (Compt rend 1878, 86 720), may be 
dehydrated in a current of warm air at 40° At 
110° it begins to decompose, conversion into the 
oxide being complete at 200° If a solution of 
the nitrate in alcohol is treated with ether there 
is precipitated a white basic salt, 

* Ga(OH) 3 NO s Ga(0H) 3 ,2H 2 0, 

and this, unlike the normal salt, is not hygro 
scopic (PuSin and Zivadinovii, Z anorg Chem 
1936, 228, 255) 

Gallium and Phosphorus 
Galliumlphosphlde has been obtained by 
passing hydrogen laden with phosphorus over 
the heated metal at 600° , it forma an orange 
coloured mass , the corresponding arsenide has 
been made similarly * 

Gallium phosphate, GaP0 4 3H a O, is pro 
duced by dissolving freshly precipitated gallium 
hydroxide in dilute phosphoric acid and eva 
poratmg the solution, with phosphorous and 
hypophosphorous acids only the acid salts, 
GaH,(P0 3 ) 2 ,H 2 0 and GaH 3 (PO.) 2 , are ob 
tainea In all cases the normal salts may be 
prepared by adding to a solution of gallium 
nitrate one containing the sodium salt of the acid 
Both gallium phosphite and hypophosphite are 
deposited as white precipitates of the mono 
hydrates which are insoluble in water (Keogi 
and Nandi, J Indian Chem Soc 1936,13, 399, 
1937,14,492) 


Miscellaneous Compounds 

Gallium ferrocyamde, Ga 4 [Fe(CN)J s .— 
Obtained as a fine, white precipitate when potas 
sium ferrocyamde is added to a solution of a 
gallium salt The precipitate is insoluble in 
moderately strong hydrochlono acid but dis 
solves in concentrated alkalis 

Gallium silicotungstate, 

Ga 4 H 12 [S.(W s 0 7 ) 8 ] 3 

Readily soluble in water it forms three hydrates 
containing respectively 54, 81 and 87 mol of 
water (Wyrouboff, Bull Soc Franc Min 1896, 
19, 342) 

Gallium acetate. — A neutral acetate is un 
known, the solution of gallium hydroxide in 
much acetic acid producing only a precipitate of 
the basic salt 4Ga(OAc) 3 ,2Ga 2 0 3 5H 2 0 
This loses acetic acid above 128° and at 145° 
there is formed GaO(OAc) which passes into 
the oxide at 169° (Tchakirian, Compt rend 1929 
189, 251 , Centola, Amer Chem Abstr 193G, 
30, 4386) 

Neutral salts have been obtained with oxalic, 
tartaric, lactic, citric, malic, benzoic and 
anthramlic acids (Neogi and Nandi, l c , Neogi 
and Dutt, J Indian Chem Soc 1938, 15 83 
Levaditi el al , Compt rend 1931, 192, I14 9 , 
193 H7) 

Oroano Metallic Derivatives of Gallium 

Gallium tnmethyl, GaMe s —Formed 
when the vapour of zinc dimethyl acts on gallium 
chloride, first at room temperature and then at 
89-120°, the product being cooled in liquid 
ammonia and isolated as a white sohd, mp 
—19°, b p 55 7°/762 mm It is extremely sensi 
tive to oxygen, even the solid burning apontane 
ously in air 

Methyl magnesium iodide reacts with an 
ethereal solution of gallium trichloride or 
bromide, yielding a tnmethyl etherate, 
Me 3 Ga,Et 2 0, 

as a volatile liquid less sensitive to air than 
gallium tnmethyl, it fumes in air and may 
undergo spontaneous combustion Water and 
alkalis decompose it with evolution of methane 
(Renwanz, Ber 1932, 65 [B], 1308) Evapora 
tion of a solution of the etherate in liquid 
ammonia leaves a white residue of gallium tri 
methyl ammine, GaMe 3 NH, which melts at 
31° and sublimes tit tacuo at room tempera 
ture Comparatively insensitive to oxygen it 
is easily attacked by alkabs liberating methane 
and ammonia 

Hydrogen chloride reacts with the tnmethyl 
ammme in ether liberating gallium tnmethyl 
which is then decomposed by the ammonium 
chlonde also formed giving gallium dimethyl 
chlonde monammme as a white, ether soluble 
compound, m p 64° 
GaMe 3 ,NH 3 +HCI=GaMe 3 +NH.CI 

-> GaMe 2 (NH 3 )Cl4-CH 4 
Further action of the acid generates gallium 
dimethyl chlonde which is also obtainable from 
the tnmethyl etherate A third molecule of 
hydrogen chlonde yields gallium methyl di 
chlonde as a white product forming a mono and 
pent ammme , continued action of acid removes 
the last methyl group If excess of hydrogen 
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chloride be allowed to act on GaMe 3 NH 3 
at 160’ there is obtained ammonium galli- 
chloride, N H 4 GaC! 4 , which does not sublime 
in vacuo at 200’ and which is soluble in water 
without apparent hydrolysis (Kraus and Toon- 
der, Proc. Nat. Acad. Sci. 1933, 19, 292, 29S; 
J. Amer. Chem. Soc. 1933, 55, 3547). 

Gallium triethyl. — Viscous, unpleasant- 
smelling liquid formed by the interaction of gal- 
lium trichloride and mercury diethyl or lithium 
ethyl, m.p. — S2-3°, b.p. 142-6°. Its properties 
resemble those of its methyl analogue ; an 
etherate and a monammine are known, the latter 
being only slowly attacked by water yielding 
white, probably diethyl gallium hydroxide, 
Et 2 Ga(OH). From this there have been 
derived the corresponding chloride and sulphate 
(Dennis and Patnode, J. Amer. Chem. Soc. 1932, 
54, 182). 

Gallium triphenyl. — Colourless, needle-like 
crystals, m.p. 166°, prepared by heating the 
metal with mercury diphenyl at 130’ in nitrogen 
(Filman and Jones, ibid. 1940, 62, 9S0). 

Gallium acetylacetone, Ga(C s H 7 0 2 ). — 
Ammonia added drop by drop, and in slight ex- 
cess, to a mixture of gallium nitrate and acetyl- 
acetone first produces amorphous gallium 
hydroxide which soon gives place to a crystalline 
precipitate of the acetylacetonate. After re- 
crystallising from acetone or benzene followed 
by sublimation in vacuo it melts at 195° ; it is 
almost insoluble in water, cold alcohol and ether 
but easily dissolves in benzene, chloroform or 
acetone. 

Gallium acetylacetone exists in three crystal- 
line modifications (a, ft and ■/) ; the first is iso- 
morphous with the a-acefylacetonates of Al, 
Cr--, Mn- and Co-", the second or /J-form 
with the corresponding scandium and indium 
compounds while -/-gallium acetylacetone is 
related to the iron derivative (Morgan and Drew, 
J.C.S. 1921, 119, 105S ; Asthury, Proc. Boy. Soc. 
1926, A, 112, 44S). 

G. E. D. 

GALLOFLAVIN. The mordant dye gallo- 
flavin and tVogalloflavin is obtained by the 
limit ed oxidation of gallic acid in alkaline solu- 
tion ; the process of oxidation depends on the 
amount of alkali present. Gallic acid (50 g.) is 
dissolved in alcohol (875 c.c.) and water (1 litre) 
and the solution cooled to between —5° and 
-f-5 c C. Potassium hydroxide (135 c.c. of 28% 
solution) is then added and a current of air is 
passed through the mixture for 5 hours. The 
sparingly soluble potassium salt of galloflavin 
separates gradually and is collected, dissolved 
in warm water and precipitated with acid (Bohn 
and Graebe, Ber. 18S7, 20, 2327 ; see also G.P. 
37934, 1SS6; FrdL I, 567). 

When dyed on mordanted wool, galloflavin 
yields with bichromate mordant an olive-yellow, 
with copperas a dark brown, with stannous 
mordant a dull orange, and with copper sulphate 
a brown shade. In practice, chromium mor- 
dants only are used, and the shades obtained 
are fast to light, milling, washing, dilute acids 
and alkalis. Galloflavin is used also in calico 
printing on a chrome mordant for greenish- 
yellow. The colour is somewhat sensitive to 
chlorine (Knetch, Kawson and Loewenthal, 
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“ Manual of Dyeing,” Griffin & Co., Ltd., 
London, 1910, p. 623). 

Galloflavin crystallises' in greenish-yellow 
leaflets which, when heated, blacken without 
melting. It is sparingly soluble in water, 
alcohol or ether, more readily soluble in acetic 
acid or aniline. It dissolves in sulphuric acid 
forming a reddish-yellow solution which, on 
dilution gives a greyish-white precipitate. 

Bohn and Graebe ( l.c .) suggested the com- 
position C 13 H 6 0 9 for galloflavin and described 
the potassium salt, a yellow crystalline substance 
insoluble in alcohol and cold water; the tetra- 
cr cetyl-derivative, colourless needles , m.p. 230° 
(Herzig gives m.p. 230-233’); and the tetra- 
chloroacelyl- compound, needles, m.p. 210-212°. 

Subsequently, Herzig (Monatsh. 1910, 31, 799) 
proposed the formula C 12 H 6 0 8 for galloflavin. 
On methylation, galloflavin yields the lelramethyl 
ether, colourless needles, m.p. 236-239°, and this, 
when quickly boiled with aqueous potassium 
hydroxide and then treated with concentrated 
hydrochloric acid, is converted into trimethyl- 
isoyaUqflavin, C 11 H 2 0 3 (OMe) 3 -COOH, fine 
colourless needles, m.p. 253-256° with evolution 
of gas. The methyl ester of this substance cry- 
stallises from alcohol in lone needles, m.p. 232— 
234°. 

Trimethylisogalloflavin contains a carboxyl 
group and a lactone ring; it is degraded to 
3:4:5-trimethoxyphthalide by the following 
series of reactions, and Herzig (Annalen, 1920, 
421, 247) thus suggests for fsogalloflavin the 
structure : 



When distilled, trimethyhsogalloflavin (I) is 
decomposed into carbon dioxide and a substance, 
C 1 iH 3 0 3 (0IVle)3 (II), m.p. 130-132°, which 
does not react with diazomethane or acetylating 
agents. On warming with potassium hydroxide 
in aqueous methyl alcohol and then treating 
with hydrochloric acid, (II) is converted by 
fission of the lactone and four-membered rings 
and elimination of formic acid into the lactone, 
C 10 H 5 O 3 (OMe) 3 (m), m.p. 74-77°, and this, 
by further treatment with alkali, yields 2:3:5- 
trimethyoxyphthalide (IV) and potassium ace- 
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By the action of zinc dust and aqueous potas 
slum hydroxide, isogalloflavm gives two acids, 
C I2 H 10°? (V) and C 10 H 8 ° s (VI), containing 
stable coumarone rings The dihydroxydicar 
boxylic acid (V) forms silvery leaflets, m p 191- 
194° (decomp ), and is converted by methyl 
alcohohc hydrogen chloride into the methyl 
ester, C 10 H 8 O<OH),(COOMe), mp 153- 
156°, which yields the corresponding dtacetyl 
derivative, m p 71-73° With diazome thane, 
(V) gives a tetratnethyl compound, m p 101-103°, 
and this is hydrolysed to the corresponding di 
methoxydicarboxyhc acid, m p 200-203° 

/COOH 


CH 


— C CHMeCOOH 
V 


* CO 

AcOp V n O 

Acol I X 

AcO HC, CAc 




The dihydroxymonocarboxyho acid (VI) 
could not be obtained pure owing to the fact that 
it is readily oxidised in solution With methyl 
sulphate it forms a tnmethyl derivative, colour 
leas platelets, m p 101-103°, which is hydrolysed 
to the corresponding acid, 

C 8 H 5 0(0Me) a C00H, 

m p 186-188° By treatment with methyl 
alcohohc hydrogen chlonde, the acid (VI) yields 
the methyl ester, m p 184-190° (very difficult to 
purify), the diacetyl derivative of which melts 
at 109-112° 

The action of zinc dust and aqueous potas 
sium hydroxide on galloflavin proceeds in the 
same manner, but the yields of the reaction 
products are much smaller 

With acetic anhydride and sodium acetate, 
isogalloflavin yields the normal triacetyl 
compound, if zinc dust is added, however, a 
further acetyl group enters, probably by is 
placement of the carboxyl group, giving rise to 
the tetra acetyl compound C n H a 0 8 (C0Me) 4 , 
(VII ?), m p 203-206° (decomp ) after becoming 
discoloured from about 180° Similarly, tn 
methybsogalloflavin yields acelyltnmctkyheo 
galloflavin, long, colourless needles m p 138- 
140“ The methyl esters of tnmethyl and 
tnacetyl isogalloflavin are, however, unaffected 
by this treatment, and it thus appears that the 
presence of a free carboxyl group is an essential 
condition of the reaction On the other hand, 
since the action only occurs in the presence of 
zinc dust, it is possible that the carbonyl group 
adjacent to the carboxyl radical is reduced and 
the secondary alcohohc group is then 
acetylated If such is the case, then the struc 
ture of the tetra acetyl compound is represented 
by formula (Till) 


VIII 

The presence of a carboxyl group in *«o 
galloflavin is proved by its conversion by methyl 
alcohohc hydrogen chloride into the methyl 
ester, m p 300-305° after previous darkening, 
under similar conditions gailoBavin is as 
affected 

For galloflavin Herzig suggests formula (IX) 
or the keto formula corresponding to this enol 
form The conversion of galloflavin into i so 
galloflavin appears to proceed via the inter 
mediate product (X) which passes, by loss of 
water, into isogalloflavin 


ho^v^o 
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is obtained from tannin by repeated treatment 
with chloroformic ester and pyridine m an 
itmosphere of hydrogen (Nierenstein, Ber 1910 
•3 630) It crystallises from aqueous alcohol 
in needles m p 268-270° 

GALLS The generic term of galls includes 
the large variety of excrescences and other 
abnormal growths (eecidia, galls, cancers, hyper 
trophies, etc ) which are produced upon plants 
and animals and are caused by plant, animal 
and chemical irritants The abnormal growths 
on plants are caused by insects, nematodes, 
fungi, shine moulds, bacteria and chemical and 
mechanical irritants Similar growths have also 
been formed in plant hybrids by internal cause* 
(Rostov, Protoplasms, 1933, 20, 440) 
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I. Plant Galls caused by Insects. 

These galls —ere the first to attract attention 
and Lave been regarded as of great importance 
in all histories of dregs and of the arts of tanning 
and dyein z. and even to-dav are snots the 
most valued ingredients of some black inks. 
They are first mentioned, chiefiy as medicines, 
in the literature of the old physic ians and 
naturalists of Greece and Borne, the Aleppo 
gall and the bedeensr or the rose both being 
mentioned. Pliny mas the first to recommend 
papyms treated mirk gad-nuts for the detection 
of iron in verdigris. The first mork of import- 
ance is Malpighi’s ‘Tie Ga His,*' pub lish ed in 16? 6, 
in mhich is advanced the theory, long since 
disproved, that the excitation mas dne to a 
poison secreted by tbe mother insect, Much 
dterature on plant galls h-s since acc nmnla ted 

Somes. — The insects capable of produ cing 
plant galls are principally species of Cur.ips and 
Apiiz. The tree oak-apple, bedeguar of the 
rose, the oak-gad- oak-spangles, etc., are all 
varieties of galls produced by insects. The 
nature of galls varies considerably, according to 
the exciting cause and the plant affected, bnt 
the official gads may be regarded as meta- 
morphosed shoots, the metamorphosis being 
induced by the gall-masp. The official drug 
Gdila BJ?. is the variety of gall produced by the 
masp Cmips calls lireioris Olivier, of mhich 
only the female is known, reproduction taking 
place parthenogeneticaHy. By means of her 
ovipositor the rnnsp deposits an egg betmeen the 


rudimentary leaves near the groning point of 
young shoots of the sembby oaks belonging to 
the species Quztcus irfetioric Olivier "(dyer's 
oak), a small tree indigenous to Ada Minor and 
Persia. The larva emerging from the egg mounds 
the delicate tissue mith its mandibles and simul- 
taneously introduces a secretion mhich stimu- 
lates rapid formation of tissue. 

The nem tissue thus developed assumes a con- 
centric arrangement in mhich the larva lives, 
feeding on the starch produced by the cells. 
When mature the larva passes into the pupa 
stare, from mhich the masp emerges and escapes 
by boring through the gall mith its mandibles. 
Xo development of tissue takes place xmtil a 
glandular secretion passes from the mandibles 
of the larva into the surrounding tissue mhich is 
almays men. -m s tic in nature. This formation 
of tissue continues as long as the exciting snb- 
stance is supplied, but ceases should the larva 
perish. Gads should be collected preferably 
before the insect escapes ; after this has 
happened they become lighter in meight and 
are less esteemed. 

It is suggested that the inter-relationship 
betmeen the gall producer and the plant is 
parasitic, the initial action of the larva being 
counteracted by tannin production on the part 
of the plant. The gall-larva itself produces 
tar.rc.zi, mhich hydrolyses the tannin produced 
by the plant. The interaction of the tannage and 
also of other enzymes produced by the larva, mith 
tannin and its decomposition products,is shomn 
belom (M- Xlerenstein, Xatnre, 1930, 125, 34S) : 
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DvscsiPiiort. — The galls produced on Ouercu* 
ir,fedoria Olivier, knomn commercially as 
Aleppo or Turkey galls, are nearly spherical in 
shape and vary from 12 to 25 ttit-i. in dia- 
meter. The half near the stalk usually has a 
smooth surface, ofren inclined to be glossy, 
mkereas the distal half is raised into lumps 
mhich are often conical in shape. They are 
hard and heavy and of a bluish-green or olive- 
green colour externally, yellowish or bromnish- 
mhite within- There is usually a small cavity 
in the centre in mhich the remain - of the larva 
or of the gall masp may be found. They have 
no odour but an intensely astringent taste, 
followed bv a slight sweetness. Belom the 
epidermis is a parenchymatous tissue differen- 
tiated into three layers. The cells of the outer 


] E ver have thick mads and contain fragments of 
tannin ; those of the middle layer have t hinn er 
malls and e xhib it intercellular spaces, and also 
contain tannin. The cells of the inner layer 
have thin malls, are axial ly elongated and firmly 
adherent to one another ^ they contain tannin 
and cluster-crystals of calcium oxalate. This 
tissue passes into a ling of irregularly pitted, 
sclerenchvmatous cells containing small rounded 
starch grains mith stellate Hlnm . The powder 
is well charscteiisedbythe abundance of tannin, 
selerenchymatons cells and characteristic starch 
grains. 

“ CoESTrmnrrs. — The principal constituent 
of plant gads is tannic acid which, to dis- 
tinguish K from other varieties of tannic 
acid, is termed caU&'.ar.r.ic acid. A typical 
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analysis of the Aleppo gall is given by 
Guibouri 

Per cent 


Tannic acid 65 

Gallic acid , 2 

Ellagic acid 1 2 

Lnteo gallic acid ; 

Woody fibre 10 5 

Chlorophyll and volatile oil 0 7 

Brown extractive matter 2 5 

Gum 2 5 

Starch 2 

Moisture 11 5 

Sugar, albumen, K 2 S0 4 , potas 
sium gallate, calcium gallate, 
oxalate and phosphate 1 3 


The red colour of oak galls is usually ascribed 
to the presence of anthocyanms Dryophantin, 
C Z3 H S3 0 1S , is the cause of the red colour in the 
red pea gall and is not allied to either the 
fiavones or the anthocyanms, but consists of 
purpurogalhn and 2 mol of glucose It sinters 
at 216° and has m p 219-220° Incidently this 
is the first instance of purpurogalhn found in 
nature (31 Nierenstein, J C S 1919 115, 1328) 
Varieties — European and Near East — The 
best galls come from Syria and are known as 
Aleppo galls (Turkey or Levant galls) gall nuts 
or galls of commerce They are the galls formed 
by Cymps police tvwAorxa Olivier on Quercus 
asgilops, Q infectona Q pedunculate, and pos 
eibly Q humilis Those gathered earliest, namely 
in August or September, are of the highest 
quality, and are at first green but subsequently 
become darker and harder those gathered 
somewhat later, when the gall wasp has 
emerged are pale yellowish brown, and are 
known as ‘ white" galls These are rather 
larger than dark galls, are lighter in weight and 
are considered to contain less gallotanmc acid 
an opinion which is not always confirmed by 
analysis Galls allowed to bang until winter 
become pale reddish brown Three qualities of 
Levant galls may be distinguished (i) Aleppo 
galls, small (2 5 cm diameter) dark green to 
black in colour , (u) lighter coloured gall3 pre 
senting the appearance of having been powdered 
on the surface, (m) Smyrna galls larger (3-5 
cm diameter), usually yellowish in tint The 
dark hued galls sink in water whereas the inferior 
lighter tinted galls (even when dyed to imitate 
the former) float 

Galls of a similar type are obtained in Southern 
Europe from the scrubby oaks (Quercus sesstli 
flora and Q pubescens English galls are smooth 
and globular and having been gathered late, 
after the emergence of the gall wasp, are usually 
pale brown in colour and perforated by the exit 
hole gnawed by the inject They are much less 
active than the Aleppo galls, containing only 
15-20*%, gallotanmc acid The galls of Cymps 
lollar* Hartig, the so called marble galls or oak 
apples, are produced on several species of 
Quercus m Southern Europe, North Africa and 
Asia Minor, and the gall wasp also occurs in 
England where it is widely distributed The 
galls of Cymps cahcis Burgsdorff, known in 
Germany os Knoppem are formed on Quercus 
agilops, Q pedunculate, and occasionally on 9 


pubescent and Q sessiliflora They are 15-20 
mm long and 18-25 mm broad, dark brown to 
black in colour and almost woody They occur 
in Austria, Hungary, Slavonia, Serbia, Greece 
and Asia Minor Their maximum yield of 
tannin is 50% 

The bedeguar, or mossy rose gall, is produced 
by Rhodites roste Lrameus on several species of 
the genus Rosa It occurs naturally in Europe 
and West Africa and has been introduced into 
America 

American galls — Galls found on Qiiemu 
Virens closely resemble the Aleppo gall, con 
taming 40% tannin (Trimble, Amer J Pharm 
1890, 72, 563) Their maker has been identified 
by S A Rohwer as Dxsholcaspis ctnerow The 
gall occurring in America on Rhus glabra differs 
from all those mentioned above, and is similar 
to the Chinese gall mentioned below, in being 
produced by an aphid instead of a gall wasp 
The insect concerned in its formation is identified 
as Melaphis rhots Fitch 

Japanese and Chinese galls are produced by 
Aphis nensis Bell on Rh us semialata They are 
of a very irregularly lobed shape, reddish brown 
in colour, and covered with a thick grey velvety 
down They are largely used in the manufacture 
of gallotanmc acid of which they contain about 
70% 

1 1 Plant Galls caused by Bacteria 

Galls caused by bacteria show considerable 
variation and mav be divided into three groups 

(а) Those m which the bacteria occupy small 
pockets and stimulate the surrounding cells, 
eg Olive root 

(б) Those in which the bacteria are within the 
cells, e g bacteria forming legume nodules 

(c) Those of the crown gall type 

A marked difference between some of the 
bacterial galls and galls due to other causes is 
the presence of tumor strands in the crown gau 
Croicn galls have received much attention in 
recent years because they show a cytological 
similarity to animal and human cancer This 
is especially true of galls formed by Bacterium 
tumefaciens and Phytomonas tumefaciens Tumors 
produced by E tumefaciens have been found to 
be similar in structure to those formed by in 
jection of various chemicals into the mternodai 
cavities of Ricinus The action of chemicals in 
producing tumors is paralleled by their ability 
to cause precipitation m tissue experiments 
(Rostov and Kendall, Arch Mikrobiol 1933, 4 
487) Vitamin C has been shown to increase 
the size of tumors produced on tomato plants 
by P tumefaciens (Havas, Amer Chem Abstr 
1936, 30 1850) Growth substances obtained 
from P tumefaciens produce effects similar to 
those of heteroauxm so the bean hypocotyk 
These growth substances give the characteristic 
test of fl mdolylacetic acid indicating that tins 
substance, or a closely related indole compound, 
is the heteroauxone produced by Phytomonas 
tumefaciens (lank and Wilcox, Science, 1937, 86, 
126) Plant tumors contain a higher organic 
nitrogen content than the healthy tissues 
Pathogenic and nonpathogemc sister cell cul 
tores of the crown gall of tomatoes grown above 
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much as 9S% of silica They pass insensibly, ] 
both laterally and vertically, into siliceous fire 
days (“ bastard gams ter ”) The rock is won 
by quarrying or underground mining, and is 
crushed, ground and mixed with lime (1-1J%) I 
Or fire clay to act as a binder This mixture is 
moulded into bricks, which, after drying, are 
fired at about 1500°, or it is applied directly as 
a furnace lining, or used for setting the bricks 
and patching and repairing furnaces Canister 
is also ground to a fine sand for use in casting 
iron and brass (See Mineral Resources of Great 
Britain, Mem Geol Surrey, 19l8, 6 (2nd ed , 
1920). and 1920, 16, A B Searl“, “ Refractory 
Materials,” 3rd ed , London, 1940 ) 

L J S 

" GARANCINE ’■ {» Yol II. 524d) 

GARBAGE FATS. Under the name “gar 
bage fats,” or " garbage grease ” may be com 
prised all the fats recovered from household 
and similar domestic refuse (In the United 
States, hotel and restaurant wastes are usually 
disposed of separately and worked np for “ house 
grease " or “ kitchen grease ”) Such refuse is 
generally collected by the municipal authorities 
and disposed of as soon as possible by consuming 
it in specially designed destructors The method 
is simple, although theoretically wasteful, since 
the fat and other possible feeding materials are 
destroyed with all the putrescible matter 
- The utilisation of domestic and hotel food 
refuse as pig feed has been practised as a war 
time measure in many European countries it 
was adopted for a time as a regular means for the 
large scale disposal of garbage by certain Ameri 
can cities, but was abandoned on account of the 
difficulties involved in the collection and trans 
port of the fresh garbage, and also because the 
quality of the pork and lard obtained from hogs 
so fed was not suitable for the requirements of 
the American packing industry 

However, efforts have not been lacking to 
recover the considerable fat content of garbage, 
and m the United States especially, methods 
for the rational disposal of this material haTe 
been developed 

An early process (worked in Buffalo about 
1885) consisted in extracting the garbage with 
petroleum spirit, and a solvent plant was still | 
in use in Chicago m 1929, although Zapoleon 
writes that *• the city of Chicago is about to 
abandon (municipal) reduction and turn to. 
incineration ” (Zapoleon, “ Inedible Animal Fats I 
m the United States,” Fats and Oils Studies, 
Stanford Umv , bio 3, 1929) 

Solvent extraction, however, has largely been I 
superseded by cheaper processes, comprised j 
under the term “ reduction processes,” which 
are similar to the methods u c ed in the rendering 
of bone grease, ♦slaughterhouse greases and | 
inedible fats generally, and consist in boiling 
the garbage with steam under moderate pressure. 
After the boding, the mass is allowed to settle, I 
and the grea«e in the top layer is collected 
(The Indianapolis system of garbage collection 
and steam rendering is described in detad by 
Zapoleon, op cit pp 224—226) The grease is 
sold for the manufacture of low class soaps and 
lubricants It has a dark brown colour, and is 
characterised by the presence of a large amount 


of free fatty acids and nnsapomfiable matter 
Not infrequently it develops an unpleasant 
odour when kept. 

Data collected by Zapoleon Ehow that the 
eighteen large cities in the United States which 
operated reduction plant processed rather more 
than a million tons of raw “ green ” garbage m 
the year 1928, the total production of garbage 
grease being estimated at about 22,300 tons 

-E L 

GARDENIA GRANDIFLORA. The 
fruit of the Gardenia grandifiora L , known as 
“ Wongsky,” is or was employed in China for 
dyeing yellow, as an assistant for the production 
of green colours, and in conjunction with 
safflower 

Rochleder and Mayer (J pr Chem 1858, [i], 
74, 1) isolated from it pectin, the rubichlonc 
acid (chlorogenm) which is present in madder 
(Rochleder, Annalen, 1851, 80, 321), tannin and 
a red amorphous colouring matter apparently 
identical with the crocin of saffron ( Crocus 
rofitus) By hydrolysing the colouring matter, 
Kuhn, Winterstein and Wiegand (Helv Chim 
Acta, 1928, 11, 716) obtained crocetm, identical 
with the product isolated from saffron 
Bancroft, ' Philosophy of Permanent Colours," 
London, 1813, p 285, mentions the use of 
the Gardenia fiortda L. by the Chinese for the 
dyeing of scarlet under the name of “ unki ” 
From the frmt of this plant, which some botanists 
believe to be the same as, or at least very similar 
to, G grandifiora, Munesada (J Pharm Soe 
Japan, 1922, No 486, 666) isolated the colouring 
matter by extraction with water Hydrolysis 
with acid yielded an amorphous powder which 
was shown to be identical with crocetm 
The Dtcamalet or DehamaU gum, which is 
obtained in India from the Gardenia luetda, con- 
tains, according to Stenhouse and Groves 
(Annalen, 1880, 200, 311), gardenm, C 11 H,,0 # . 
deep yellow crystals, m.p 163-164°, insoluble in 
water and alkaline solutions Addition of mtnc 
acid to a hot solution of the colouring matter in 
acetic acid yields gardenia acid, C lt H l0 O 4> deep 
crimson needles, m p c 223° (decomp ), the 
diacetyl derivative of which forms bright orange- 
red needles darkening at 230° and melting at 
about 224° Gardenm acid is converted by 
means of sulphurous acid into hydrogardente 
acid, CuHuO,. lustrous needles, m p 190° 

It is improbable that gardenm acid is a car 
boxy lie acid, as was at first assumed , its 
behaviour with reducing agents and with alkaline 
solutions points rather to a quinone grouping 
AGP and E J C 
G ARCI N I N (this Yol , p 3S0u) 

GARCINOL (this Yol, p 3806,c) 

" GARDENAL ” (i Yol I, 623a) 

GARDENIC ACID r Gardesia Gkaudi- 

FLOBA 

GARDENIN v Gabbevia Ghamuixoba 
GARDEN lOL. The perfume known as gar 
demol is phenylmethylcarbmyl acetate, 
PhMeCH OAc 

It occurs naturally in gardenia oil, and is pre- 
pared artificially and used in fine floral perfumes 
Phenylmethylcarbmol is also known as 
a phenylethylaJcoho! 
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Tt ® ®l coh ; 01 *? as tte following characters:! Only exceptionally is the composition of actual 


m.p. zu-b ; D.p. 204-207“ ; sp.gr. 1-018 at 15-5° ; 
rotation ±0° ; ref. ind. 1-5273 at 20°. The 
acetate has b.p. 218°; sp.gr. 1-069 at 15-5°; 
• and ref. ind. 1-5048 at 20°. 

. E. J. P. 

GARLIC. — AUium sativum. A plant grown 
largely in Mediterranean countries. The onion- 
like bulb forms the well-known condiment. A. 
scorodoprasum (or rocamboll), a related species, 
grows wild in certain parts of Europe and also 
in the east. A. vineale, a smaller wild species, 
often occurs in pastures and if eaten by cows 
may contribute its characteristic odour to milk. 
Konig records the analysis of A. sativum bulb 
as : water 64-6, protein 6-8, fat 0-1, carbohydrates 
26-3, fibre 0-8 and ash 1-4%. A later analysis 
(Agcaoili, Philippine J. Sci. 1916, 11, 91) 
showed water 88, protein 2-2, fat 0-32, N-free 
extractives 7-27, fibre 1-17 and ash 1-03%. 
The odoriferous principle of garlic is an essential 
oil (approx. 0-2%) which according to Semmler 
(Arch. Pharm. 1892, 230, 434) consists of allyl 
disulphide 60%, a trisulphide 

C 3 H s -S-S-S-C 3 H E 

20% with smaller proportions of allyl propyl 
disulphide. Other workers record the presence 
of allyl isothiocyanate. Braecke (Mem. Acad, 
roy. Beige, classe sci. 1921, [ii], 6, No. 6, 1) has 
isolated a sulphur-containing glycoside, hydro- 
lysed enzymically to fructose and a volatile oil. 
K. Daigo (J. Chosen Med. Assoc. 1935, 25, 
439) in an examination of A. scorodoprasum also 
reports the occurrence of a glucoside alliumin 
yielding glucose and magnesium allyl sulphide 
and attributes the odour of the bulbs to an 
essential oil derived from the breakdown of the 
glucoside. Chevastelon (J. Pharm. Chim. 1895, 
[vi], 2, 83) obtained inulin from garlic bulbs, it 
showed a specific rotation of —39°, was hydro- 
lysed by acid and by mutase (from Aspergillus 
niger) to tevulose, but was unacted upon by 
yeasts or amylase. A fructan scorodose, hydro- 
lysed largely to Isvulose, has been isolated 
from A. scorodoprasum by Y. Kihara (J. Agile. 
Chem. Soc. Japan, 1935, 11, 548). 

A. G. Po. 

GARLIC, ESSENTIAL OIL OF v. 

Gaelic. 

GARNET (Ger. Granat ; Fr. Grenat). A 
group of minerals differing widely in chemical 
composition, but all conforming to the general 
orthosilicate formula R 3 "R 2 '"(Si0 4 ) 3 , where 
R"=Ca, Fe, Mg, Mn; and R'"=A1, Fe, Cr, 
or rarely Ti. The following principal types may 
be distinguished : 

Calcium-iron-gamet Ca 3 Fe 2 Si 3 0 12 

Andra elite' 

Calcium-chromium-gamet Ca 3 Cr 2 Si 3 0 12 

Uvarovite 

Calcium-alnminium-gamet Ca 3 A! 2 Si 3 0 12 

Grossular 

Iron-aluminium-gamet Fe 3 AI 2 Si 3 0 12 

Almandine 

Magnesium-aluminium -garnet Mg 3 AI„Si 3 0 12 

Pyrope 

Manganese-aluminium-gamet Mn 3 A! 2 Si 3 0 12 

Spessartine 


garnet crystals as represented above. As a rule, 
several, or even all, of these compounds enter 
into isomorphous mixtures ; and whilst there is 
generally a preponderance of one or other of 
them, this is not always the case. All the mem- 
bers of the group crystallise in the cubic system, 
usually with the form of the rhombic dodeca- 
hedron or the icositetrahedron, or a combination 
of these. The crystals are often rounded or 
granular in form. There is no cleavage, and the 
lustre often inclines to resinous in character. 
Corresponding with the wide range in chemical 
composition, these minerals exhibit a wide range 
in colour (yellow, brown, red, green, black, rarely 
colourless, but not blue), transparency, sp.gr. 
(3-15—4-3), hardness (6J-7J), and mode of occur- 
rence. They occur as primary constituents of 
igneous rocks ; in gneisses, schists and crystal- 
line limestones ; in veins and encrusting the walls 
of crevices in rocks. Granular rocks composed 
wholly of garnet are also known. 

The chief application of garnet is as a gem- 
stone, of which there are several beautiful 
varieties. Eessonite, or cinnamon-stone, is a 
variety of calcium-aluminium-gamet, contain- 
ing small amounts of ferrous and manganous 
oxides; its colour is a warm yellowish-red- 
Almandine is deep red, often with a violet tinge. 
Pyrope (Bohemian garnet, “ Cape ruby ”) is a 
fiery red. Rhodolite, a variety midway between 
almandine and pyrope in composition, is remark- 
able for its delicate rhododendron-red colour. 
Demantoid is a calcium-iron-gamet of a rich 
emerald-green colour and with a brilliant lustre 
and a dispersion of the refractive indices even 
higher than in diamond. 

Garnet is also used as an abrasive agent, 
mainly in the form of sand, for sawing and 
grinding stone and for making garnet-paper 
(often sold as “ emery-paper ”). Owing, however, 
to its lower degree of hardness, it is of less value 
than corundum and emery. Practically the 
whole of the massive garnet used for this 
purpose is mined in the eastern United States, 
principally New York, but also Connecticut, 
Pennsylvania and North Carolina. The output 
amounts to about 5000 tons per annum, valued 
at about £6 per ton. In the garnet-mining dis- 
trict of the Mittelgebirge in northern Bohemia, 
the small material, left after picking out the 
stones suitable for cutting as gems, is used for 
gravelling garden walks. 

I#. J. S. 

GARNIERITE. A hydrated silicate of 
magnesium and nickel, of importance as an ore 
of nickel. It is soft and earthy, greasy to the 
touch, and usually of a bright apple-green 
colour; sp.gr. 2-3-2-S. The composition is 
variable (SiO., 35—52, MgO 2—37, NiO 2—50, 
H„0 10-20%)”, and the material is probably 
a mixture. It may be regarded as a hydrated 
magnesium silicate, allied to serpentine, in 
which variable proportions of magnesium are 
replaced by nickel. The darker green varieties 
are sometimes distinguished by the name 
noumeite (from Noumea in New Caledonia), the 
name gamierite (after Jules Gamier, the dis- 
coverer of the New Caledonian nickel ores) being 
reserved for the lighter- coloured varieties. A 
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employed for lighting purposes the gas evolved 
by the distillation of wood, the date of his first 
patent being ’1799. At peace celebrations in 
this country in 1S02 a public display of the new 
gas fighting was given. This was followed by 
the installation of gas-lighting plant in a number 
of factories and large bouses. 

In 1806 F. A. Winsor, a Moravian, arrived in 
this country. He came with an ambitious 
scheme, originated by Lebon, for the erection of 
a gasworks for a public supply of gas. Hi's 
proposals “ to provide streets, squares and 
houses with gaseous fights by means of conduct- 
ing tubes underground from distant furnaces, 
on the principles as houses are now supplied 
with water,” met with considerable opposition 
from the timid and the superstitious and also 
from vested interests. It is probable that the 
extravagant claims made, notably regarding 
financial returns, adversely affected his case. 
In spite of opposition, Winsor lighted the street 
of Pall Mall, London with gas in ISO" as an 
earnest of his intentions. At the inquiry which 
followed, Winsor and his witnesses commended 
the safety and cheapness of gas for fighting, the 
value of coke as a smokeless fuel and the use- 
fulness of tar and ammonia. 

Winsor received considerable assistance from 
Fredrick Accum, a chemist whose investigations 
had already made him well known in London. 
Prior to Winsor’s first patent in 1804, Accum 
had already interested himself in the chemistry 
of gas production and, at the request of the pro- 
moters of the new company, conducted an ex- 
tensive series of experiments. In his testimony 
before the Committee of the House of Commons 
appointed in 1809 to consider the application 
for a charter, Accum described his experiments 
in the utilisation of the by-products of gas 
manufacture. These experiments are important 
for they represent the first efforts for the utilisa- 
tion of these important by-products. Parlia- 
ment eventually passed a bill which permitted 
the incorporation of Winsor’s Company in 1810, 
and the Chartered Gas Light and Coke Company 
was established in 1812, with Accum on the first 
board of directors as practical chemist. This 
company still continues under the name of the 
Gas Light and Coke Company. 

Other companies followed that of Winsor, and 
in a comparatively few years the manufacture of 
gas became general practice. In 1847 Parlia- 
ment controlled the powers of gas companies 


and prohibited the production of gas of inferior 
quality, and in 1860 areas of supply were 
allocated to each undertaking. From that date 
the gas industry has steadily increased. 

The almost exclusive use for coal gas until the 
last quarter of the 19th century was for fighting 
purposes, by utilising the luminosity developed 
by burning it, the illuminating power being a 
quality of the first importance. The method 
formerly employed consisted in burning the gas 
in open flame burners. The introduction of the 
incandescent mantle by Auer von Welsbach in 
1S87 revolutionised gas lighting. This method 
of fighting, in which a mantle composed of 
thoria and ceria is heated to incandescence by a 
Bunsen flame, has replaced the old “ batswing ” 
burner which is now obsolete. With the in- 
candescent burner, the fight evolved is depen- 
dent mainly on the calorific power of the gas, 
but has no direct connection with its illuminating 
power when burnt in open flames. Moreover, 
during the last 50 years, a steady increase in the 
employment of gas for the purposes of heating 
and cooking, as well as for the production of 
power in gas engines, has also emphasised the 
fact that the calorific power of the gas is of 
primary importance so far as the great bulk of 
the gas supplied is concerned. 

Until about 1SS0 gas undertakings were sub- 
jected to little effective competition, but from 
that time competition has steadily increased, 
on the one hand from electricity and on the other 
from the introduction of cheap mineral burning 
oils. The stimulus of effective competition has 
resulted in a much more rapid advance, both in 
the technical aspects of the manufacture of the 
gas and in the commercial methods adopted for 
its sale. 

It will be understood that gases derived from 
sources other than the carbonisation of coal (e.g. 
blast-furnace gas, refinery and natural petroleum 
gases, etc.) can be used in certain circumstances 
for purposes similar to those for which coal gas 
is employed. In this section, however, only 
the production of what is ordinarily known as 
coal gas will be considered, that is the gas dis- 
tributed from the gasworks for public use and 
capable of being employed at the desire of the 
consumer for fighting, heating or power purposes. 
The magnitude and extent of this industry and 
the manner in which it has extended during 50 
years is shown in Table I, giving the summary 
of the figures in the Board of Trade returns for 


Table I. — Gbowth of the Gas Ikdustby. 

(Figures relate to authorised undertakings.) 


Year. 

Capital 

employed. 

£. 

Length 
of gas 
mains. 
Miles. 

Number of 
consumers. 

Coal 

carbonised. 

Tons. 

Coal gas 
made. 
1,000 cu. ft. 

Water gas 
made. 
1,000 cu. ft. 

Coke oven 
gas 

purchased. 
1,000 cn. ft. 

Total gas 
sold. 

1,000 cu. ft. : 

1 1S85 

1 1905 

1 1913 

*1920 

1927 

1935 

1936 

1937 

55,132, 9S6 
124,194,221 
139.727,277 
153,266,091 
183.405,321 
220,656,515 
225,849, 56S 
233,149,039 


■ 

| 

84,637,728 

155,167,831 

195,826,569 

219,718,988 

246,113,651 

260,505,328 

274,949,811 

279,453,806 

_ 

19,736,859 

23,778,609 

38,225,179 

47,130,358 

32,354,744 

27,458,821 

27,359,5S1 


(ill 


1 Includes Ireland. , 2 Includes relatively small quantities of Mond gas, producer gas, etc. 
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all authorised gas undertakings belonging to 
700-800 statutorj gas companies or local autho 
rities for the years 1885-1937 
This table does not include the production of 
private companies, but their combined output 
is relatively very small and would not material]} 
affect the figures The total amount of coal 
carbonised by these small private undertakings is 
only about 700,000 tons annual!} , t e less than 
4% of the total 

In addition to the gas output, coke, tar and 
ammonia are also produced in large quantities 
as by products The amounts produced b} 
authorised undertakings m 1930 were as 
follows 12,2S6,000 tons of coke and breeze 
233,650,000 gallons of tar and 80,345 tons of 
sulphate of ammonia (Board of Trade Return) 
So far ns the actual carbonisation of the coal 
is concerned, Murdoch, after experimenting 
with different types of retort, settled down to the 
employment of long narrow retorts set hon 
rontally The coal was charged into these all 
at once, a free space being left above the charge 
throughout the whole length of the retort 
The charge was then allowed to remain in the 
retort until completely carbonised, when the 
residual coke was raked out and the retort re 
charged with more coal At first cast iron 
retorts were employed, but the rapid wearing 
of these, especially when the temperature of 
carbonisation was increased, soon led to the 
substitution of fireclay for cast iron 
After the coal gas industry became firmlj 
established there was for a long time no material 
alteration in the principles of manufacture 
ovolved by Murdoch and lus immediate eucces 
sors, prominent among the latter being Samuel 
Clegg and lus son, Samuel Clegg, junr At the 
same time very considerable changes took place 
m the details of the plant and in the construction 
of apparatus of larger size, coincident with a 
constantly increasing demand for gas 
The carbonisation of the coal and the treat 
ment of the hot volatile products issuing from the 
retorts to obtain a gas suitable for distribution 
still, broadly speaking, follows the lines adopted 
in the earlier days of the industry These pro 
ducts are first cooled to approximately atmo 
spheno temperature, when considerable vapours 
liquef}, forming tar, and the steam present m 
quantity condenses to water This water dis 
solves part of the ammonia which is present in 
the crude gas ns well as other gaseous impurities, 
notab]} hydrogen sulphide and carbon dioxide 
The remainder of the ammonia is removed by 
washing with water For the further purifi 
cation of the gas after ammonia removal, it must 
be subjected to a process for the elimination of 
hydrogen sulphide This was effected in the 
earliest stages of the industry by treatment with 
milk of lime* This was later replaced by mow 
tened slaked lime, placed in layers in a closed 
purifier, constructed m such a manner that the 
gas filtered through successive layers of this 
material Still later, slaked lime was replaced by 
hvdrated ferric oxide placed in similar purifiers 
This last substance, unlike the slaked lime, does 
not simultaneously remove the remainder of the 
l carbon dioxido present in the gas It was either 
| separate!} removed b} lime or allowed to remain 
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Early researches on ammonia recover} and gas 
purification aro associated with the name of 
Richard Laming, whose activities are reflected 
m the patent literature of the period 1841-64 

The technical advances, until comparatively 
recent times, involved no great alterations in 
principle They consisted generally in lm 
proving the efficiency and economical working 
of the plant employed, and m the introduction of 
mechanical transport for the large quantities 
of material to be dealt with, including the adop 
tion of labour saving machinery Further, the 
temperatures at which the coal is carbonised 
have been increased, resulting in a larger yield 
of gas per ton of coal 

The present century has witnessed consider 
able advances in the technique and efficienc} of 
gas manufacture These advances have been 
coincident with the extensive development of 
gas as a heating medium for both domestic and 
industrial purposes There ba\e been striking 
reductions in the cost of gas manufacture, due 
to the adoption of scientific control of the works, 
coupled with more efficient methods The 
punt} of the gas sold and the thermal efficiency 
of its utilisation have also improved Standards 
of gas purity are prescribed by Parliament, but 
the gas industry has gone far beyond these 
standards and has introduced additional refine 
ments, such as the removal of naphthalene and 
moisture In addition, progress is being made 
m the removal of organic sulphur compounds 
and recent research suggests the probability of 
further important advances in this direction 

From the point of view of conserving national 
fuel, the efficiency of the carbonisation process 
as measured by the heat value of the products 
sold from a gasworks varies from 75 to 87% of 
the heat energy of the coal treated The attain 
ment of this efficiency is reflected in the figures 
shown in Table II below In this the average 
quantit} of gas produced each } ear, per ton of 
coal, b} authorised undertakings, has been cal 
culated from the Annual Returns of the Board 
of Trade It will be seen that a halt has been 
reached in the ratio of gas to coal. It should not 
be assumed from this, however, that finalit} iu 
carbonisation development has been reached 

Table II 


Year 

Qas per ton of coal 
cu ft. 

1910 

12,100 

1924 

13,380 

1929 

14,245 

1934 

15,004 

1937 

14,984 


The net thermo chemical effect of the gas 
making process is slight, the potential heat of the 
products of high temperature carbonisation 
being about the same os that of the original coal, 
though it should be realised that this equivalence 
would not be maintained with all coals or at all 
temperatures In practice it is of course neces 
sar} to expend heat, by combustion of part of 
the coke, to maintain the coal at the reaction 
temperature and to make good the losses of 
sensible and latent heat in the products of the 
reaction The present high working efficiency 
is a reflection of modem technique with plant 
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which m a k es possible the recovery and utilisa- 
tion of a considerable proportion of the heat 
expended. The hot burnt waste gases derived 
from the feel used for heating the retorts are led 
to an apparatus where the heat is given up to the 
air entering the fumacets, hereby effecting con- 
siderable economy in fuel. Any heat remaining 
after this in these gases may then be used to 
generate steam in a special type of boiler, known 
as a waste-heat boiler. Steam from this source 
plays an important part- in the economy of the 
modem gasworks, where almost all operations 
are carried out mechanically. Coal, coke and 
stores are treated and transported by machinery 
and the gas itself has generally to be pumped into 
the supply area by boosters increasing the pres- 
sure resulting from the dead weight of the gas- 
holders. 

An examination of the Board of Trade Returns 
relating to authorised gas undertakings in 
Great Britain reveals that the number of under- 
takings — 706 in 1937 — has been showing a steady 
decrease for a number of years. This is a con- 
sequence of rationalisation by amalgamations 
and absorptions. The recent advent of holding 
companies also operates in the same way. 

The general legislative principles adopted in 
the control of statutory gas-undertakings were, 
up to the year 1913, as follows : In the case of 
gas undertakings controlled by local authorities, 
a certain minimnm illnminating power was pre- 
scribed in the Special Act relating to the under- 
taking, and, in addition, the maximum price 
which could be charged per 1,000 cu. ft. of gas, 
and the usual clauses with regard to sinking fund 
for repayment of capital. In the earlier period, 
undertakings owned by companies were treated 
in a somewhat similar manner, their minimum 
illuminating power and a maximum price being 
prescribed, and also a maximum dividend pay- 
able. It was also usually provided that any 
new capital raised by such companies must be 
sold either by auction or by tender and not 
issued at its par value. Later the maximum 
price and maximum dividend clauses were 
dropped in the case of the majority of the 
statutory companies, and replaced by the 
adoption of a “ standard price ” and “ standard 
dividend,” and a sliding scale introduced, where- 
bv for each penny the price of gas was reduced 
below the standard price, an additional dividend 
(mostly about one-eighth per cent.) was payable 
above the standard dividend and vice versa, if 
the price of gas increased above the standard, a 
similar amount had to be deducted from the 
dividend payable. These sliding-scale clauses, 
which made it to the interest of the gas com- 
panies to reduce the price to its lowest possible 
figure, had given general satisfaction up to the 
outbreak of war in 1914, but the great increase 
in costs of coal and other materials so increased 
the cost of gas above the standard price that 
the sliding scale resulted in a very great reduc- 
tion, and in some cases a disappearance of the 
dividend payable. As a temporary measure, a 
short Act was passed in 1917 whereby it was 
enacted that until the end of the war the sliding 
scale clauses should not be operative after they 
had reduced the dividend payable to two-thirds 
of the standard dividend. 
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In the years just preceding 1913 a few under- 
takings had received Parliamentary sanction for 
the substitution of a calorific-power standard for 
an ill nmina ting standard. The actual illumi- 
nating power prescribed varied considerably 
with the different undertakings, according to 
the conditions of coal supply and the character 
of the demand for gas. The abnormal conditions 
during the war period 1914-18 saw a material 
reduction in the illuminating and calorific power 
of the gas in most cases, partly due to the coal 
and oil shortage and partly due to the difficulties 
of plant maintenance. Owing to the abnormal 
state of affairs, the various statutory stipulations 
as to the illuminating or calorific power of the 
gas to be supplied by the various gas under- 
takings were practically suspended! At the 
conclusion of the war, the Fuel Research Board 
! of the Department of Scientific and Industrial 
Research were asked by the Government to 
report on the matter of the future control of the 
industry. The recommendations made, modified 
in certain, details after ccnrideTafien by the 
Board of Trade and consultation with the gas 
industry, were made statutory by the Gas 
Regulation Act of 1920. By this Act, funda- 
mental and far-reaching alterations were made 
in the conditions under which statutory gas 
undertakings were to carry on their business. 

The most fundamental change made by the 
Gas Regulation Act of 1920 was that of the 
basis upon which the gas is charged. In place 
of a charge based on the volume of gas (1,000 cu. 
ft.), the charge was made on the number of 
British Thermal Units contained in the gas 
supplied or, in other words, on the potential 
energy contained in the gas. All stipulations 
as to the illnminating power of the gas were 
repealed- The unit of measurement is taken as 
100,000 British Thermal Units, which is defined 
by the Act as “ a therm.” Each undertaking is 
free to declare what calorific power of gas per 
cubic foot it will supply, having regard to its 
local conditions in respect of coal supplies, manu- 
facturing plant, etc., but it must then maintain 
| such declared calorific power as a minim um, 

I under penalty for failure. Supply of gas of a 
calorific value differing from the declared value 
may be made only after due notice of such 
alteration, with liability on the part of the gas 
undertaking to carry out at its own cost any 
necessary adjustments of consumers’ appliances. 

Tn order to ensure that the calorific value 
declared by the gas undertaking should be main- 
tained, the Act required the Board of Trade to 
nominate three Gas Referees, one at least to be 
a person having practical experience in gas 
manufacture and" supply. The principal duty of 
these Referees was to prescribe times, places 
and methods for the testing of gas for calorific 
value, for pressure and for purity in respect of 
freedom from hydrogen sulphide. The appoint- 
ment of the gas examiners required to carry out 
the necessary tests was left to local authorities, 
a Chief Examiner being appointed by the Board 
of Trade to decide cases of appeal. A survey 
made in 1937 showed that 90% of the gas sold 
in this country had a calorific value of from 450 
to 500 B.Th.U. per cu. ft. 

The powers of the 1920 Act were amended and 
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extended by the Gag Undertakings Acts of 1929, 
1932 and 1934 The first two contain a number 
of provisions regarding financial powers and 
extend the scop5 of authority of the Board of 
Trade 

The Gas Undertakings Act, 1934, makes a 
number of important changes in the principal 
Act and introduces a number of new principles 
into Gas Law Under this Act the machinery 
for carrying out official tests on gas quality is 
changed The office of Chief Gas Examiner is 
abolished and any appeal lies with the Board 
of Trade From January 1, 1939, the office 
of Gas Referees is also abolished and their duties 
will be discharged by the Board of Trade Also, 
by this Act, all non statutory undertakings 
making more than 30 million cu ft per annum 
are required to apply for statutory powers 
Modified provisions are extended to companies 
making between 20 and 30 million cu ft per 
annum Another clause facilitates closer co 
operation between undertakings with regard to 
the giving and taking of bulk supplies 
In recent years the gas industry has been pur 
chasing coal gas from the coking industry, t e 
the industry devoted to the manufacture of 
coke for Bmelting purposes ( see Coke Man 17 
factube, Vol Ilf, 209) This development has 
been discussed by Philip Dawson (J Inst Fuel, 
1937, 11, 1) who points out that improvement in 
oven design has resulted in considerable economy 
in consumption of fuel (» e by product coal 
gas) so that the volume of surplus gas has 
substantially increased as ovens have been 
modernised The older type of coke oven, 
known as the waste heat oven which consumes 
practically all the gas produced, is gradually 
being replaced by those of the regenerative type 
These latter now treat over 70% of the total 
quantity of coal carbonised bj the coking in 
dustry At present about 60% of the gas pro 
duced is used as fuel for heating the ovens and 
22-23% is absorbed in coke oven auxiliary plant 
Of the surplus the gas industry purchases be 
tween 10 and 11% The actual quantities 
purchased 'Have "been increasing lor some years , 
the figure for 1936 was 24,531 million cu ft , 
as compared with 20 474 million in 1935 (16th 
Ann Report Secy for Mines 1937, 21) 

An Area Gas Committee was appointed in 
1928 to investigate the practicability of unifying 
the gas supply in certain specified areas The 
Committee reported that such a general scheme 
was not justified, but recommended that a net 
work of mains should be provided to collect gas 
from a number of coke ovens in an area between 
Barnsley and Sheffield The Sheffield Gas Acts 
nd Orders resulting from this recommendation 
ested the rights to collect and distribute this 
as in the Sheffield Gas Company This South 
’orkahire Gas Grid has made considerable pro 
ress The maximum quantities of coke oven 
as contracted for have proved inadequate to 
aeet the increased demands made by industrial 
and, as a result, additional supplies 
obtained and further extensions are 
d The total length of the gnd 
1936 was abont 23 miles (itid ) In 
Departmental Committee of the Board 
do considered the possibility of co 


ordinatmg the manufacture and distribution of 
gas in the West of Scotland The Committee 
concluded that the establishment of a gas gnd 
scheme over a wide area was not economicallv 
practicable, but recommended that certain 
specified undertakings should take supplies of 
coke oven gas 

The long distance distribution of coke oven 
gas has been extensively developed in Germany 
where gas derived from pit head coke ovens m 
the Ruhr is fed to a large area by means of a 
network of high pressure mains A pipe line 
system having a total length in excess of 500 
miles is designed to serve an area with a popu 
lation of about 3 000,000 The Ruhrgas A G 
propose to extend the existing area by the con 
struction of two long distance high pressure 
mams, so that gas made in the Ruhr may be 
sent to still more distant parts (Chim et Ind 
1936, 36 227) One mam will extend from 
Cologne to Bonn and the other from Siegen to 
Frankfurt on Slam The latter is of particular 
interest from the techmcal viewpoint, as it is 
designed to carry gas at a pressure in the region 
of 30 atm In the existing long distance mams 
the pressure is from 4 to 6 atm The potential 
supply of surplus gas available has been esti 
mated to exceed 230 billion cu ft per annum 

The development of the oil fields m the United 
States has made available very large quantities 
of natural gas of high calorific value and the 
long distance transmission of this gas, whereby 
it has become available in districts remote from 
the oil fields, has profoundly affected American, 
and to a lesser extent Canadian, gas practice. 
The effect upon gas manufacture can bo realised 
when it is seen that the U S Bureau of Mines 
estimates consumption of natural gas m the 
Umted States m 1 936, at 2, 167,668.000,000 cu ft 
(U S Bur Mines Minerals Year Book, 1937, 
1055) This figure is 13% more than that for 
1935 In addition to distribution by means of 
long distance mains, petroleum gases are liquefied 
and distributed in cylinders under pressure 
This “ bottled gas,” consisting essentially of 
propane and ‘butane, is distributed to industrial 
and domestic consumers, and is of particular 
value m districts not served by mams Some 
75 million gallons were marketed m 1936 (Gas 
Age Rec 1937, 79, No 4, 29) The consumption 
of liquefied petroleum gases by the manufactured 
gas industry m the Umted States is estimated at 
9 million gallons for that year A number of 
installations to enable the use of propane and 
butane for stand by and enrichment purposes 
have been constructed [t Gas Liquefied 
Hydrocarbon (Bottle Gas)] 

Propane, butane and other saturated hydro 
carbons are formed in all reactions resulting 
from the pressure hydrogenation of coal and 
coal tar, and some hundreds of road vehicles 
are already operating satisfactorily in Germany 
on “rich” gases of this type Traenckner 
(Brennstoff Chem 1934, 16, Wirtsch 94) states 
that there are six types of gas available in 
Germany a3 potential sources of motor fuel. 
Four of these are derived from the carbonisation 
of coal, namely, “ Rnhrgasol,” methane, coke 
oven gas and town s gas 

The use of compressed coal gas as a motor fuel 
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which, in addition to yielding a large volume of 
gas, also forms a plastic mass during the early 
stages of the carbonising process nnd results 
finally in the production of a coherent coke of 
good commercial value. The non -caking bitu- 
minous coals, even when yielding a large volume 
of gas, give only a poor coke. These are, there- 
fore, employed only in isolated cases where local 
conditions are such that non-caking coals are 
obtainable at a cost sufficiently below that of 
caking coals to compensate for the lessened 
value of the coke produced. 

Studies by J. Roberts, by E. V. Evans and by 
others of the formation of coke during the car- 
bonisation process, of the escape of volatile pro- 
ducts from the heated coal mass and of the 
structure of the coke itself, have suggested that 
in certain circumstances advantages are to be 
gained by blending the caking coal with a non- 
caking coal or even with coke breeze. The main 
object of coal blending is the production of coke 
of an improved quality, but it may also increase 
the thermal efficiency of the process. In addi- 
tion it may facilitate the use of a coal not suit- 
able alone, and it may enable the conversion of a 
material of low value, such as coke breeze, into 
saleable coke. The whole subject of coal blend- 
ing and its rfile in the production of Eolid smoke- 
less domestic fuel has been dealt with by J. G. 
King (Trans. World Power Conference 1928, 2, 
34S). 

The chief supplies of gas coal occur in the 
Newcastle or Durham district, South Yorkshire, 
Lancashire, Derbyshire and North Staffordshire. 
In 'considering its source of coal supplies, a gas 
undertaking must take transport costs into 
account and for this reason will, in genera], 
purchase from the nearest coal-field producing a 
suitable quality. In the London district, how- 
ever, and also for the most part in the South 
and South-West of England the main supply is 
drawn from the Durham field, the greater dis- 
tance away of these collieries being more than 
counter-balanced by the fact that the coal is 
brought for the greater part of the way by coast- 
ing steamers instead of by rail, thus reducing 
the cost of transport. 

The coals obtained from the different seams in 
the same district, and often even from the same 
seam, vary considerably in their gas-making 
properties. Nevertheless, the coals from each 
district have, as a rule, certain characteristics 
which distinguish them from those of other 
localities. This is especially the case with the 
coals from the Durham field which, for the most 
part, undergo carbonisation more slowly than 
the others under similar conditions and yield 
a harder and denser coke. They also yield a 
thicker tar of higher specific gravity and, in 
general, give a somewhat lower yield of ammonia. 
The North Staffordshire coals also yield gas coke 
harder than that from Yorkshire, Derbyshire or 
Lancashire coal. 

While bituminous coal is the type of coal 
normally used for gas manufacture, mention 
should be made of two other types which have 
received consideration. Brown coal, or lignite, 
has been the subject of considerable investigation 
in Germany where large deposits occur. This is 
now being used on a commercial scale in that 
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country. It has been necessary to evolve a 
special technique, one of the main difficulties 
being n high moisture content. Brown coal from 
the mine contains 50-60% of moisture and must 
be dried before carbonisation. When dry it is 
usually so finely divided that its direct carboni- 
sation presents difficulties and briquetting is 
generally necessary. The properties of the 
products of brown coal carbonisation have been 
discussed by W. Allner (Trans. Chem. Eng. 
Congr., World Power Conf. 1936, 3, 47) who gives 
a description of that industry in Germany. 

Cannel coal, formerly carbonised in some 
quantity, is not now employed to any extent 
for the manufacture of gas in this country. The 
coke obtained by the high-temperature carboni- 
sation of cannel coal is in general of inferior 
quality. Recent investigation of the carboni- 
sation of this typo of coal (Inst. Gas Eng. 
Comms. No. 135, 1936; No. 162, 1937) has sug- 
gested the desirability of a national assessment 
of the available quantities of cannels of suffi- 
ciently high quality for gasification purposes. 

The classification of coals into groups, Buch as 
“ gas coals,” “ steam coals,” etc., according to 
their suitability for specific purposes, is the out- 
come of accumulated experience in the past and 
still retains a certain usefulness for commercial 
purposes. Now, however, that modem know- 
ledge has made it possible to use coals of greatly 
varying characteristics for the same purpose 
merely by alterations in technique, such a super- 
ficial classification may be misleading. It is 
more satisfactory to characterise a coal from 
some fundamental property to which other 
properties are related. Degree of metamorphism 
answers to this requirement and has been made 
a satisfactory fundamental basis for the scientific 
classification of coals. It is found that the degree 
of metamorphosis or “ rank ” of a coal may be 
indicated by its position on a chart made by 
plotting carbon content against hydrogen con- 
tent, or calorific value against volatile matter 
content (all on a dry, mineral-matter-free basis). 
On charts constructed in this way, most coals 
fall within a fairly well-defined band and the 
characteristics of the fuels change progressively 
as the band passes from brown coals to anthra- 
cites, i.e. in the direction of increasing carbon 
content or decreasing volatile matter content. 
The well-known classification due to Seyler 
(Proc. S. Wales Inst. 1931, 47, 557) is on this 
basis (r. Fuel, this Yol. p. 342). 

Valuation of Gas Coal. — The simple ele- 
mentary analysis of a coal, giving the percent- 
ages of moisture, carbon, hydrogen, oxygen, 
nitrogen, sulphur and ash, provides little in- 
formation as to its value for gas-making pur- 
poses. If, however, the figures for moisture and 
ash be eliminated and the composition be 
expressed as a percentage of the actual coal 
substance, it is possible to judge the general 
properties of the coal from the figures thus 
obtained. Of greater value is the proximate 
analysis, i.e. the determination of moisture, 
volatile matter, coke and ash and (if required) 
of sulphur, which is objectionable as an impurity. 
The quantity of volatile matter, i.e. material 
expelled, excluding moisture, when the coal is 
heated in absence of air, varies according to the 
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manner in which the heating is earned out, and 
to obtain comparable results a standard method 
of heating must be adopted In addition, the 
value of a coal analysis depends on the repre 
sentative character of the sample tested The 
Bntish Standards Institution has defined 
standard methods for the sampling and analysis 
of coal and coke which are now in general use 
m this country 

The quantity of volatile matter, excluding 
moisture, in gas coals usually vanes from about 
28 to 36% of the undried coal, or from 30 to 40% 
of the actual coal substance 

The actual results obtainable from a coal 
sample can be determined only by tests on the 
manufacturing scale For this purpose arrange 
ments are made m many works by which beds 
of retorts can be isolated and the gas passed 
through special condensing, purifying and 
measuring plant, and either the whole or an 
average sample of the gas collected tor testing 
The coke, tar and ammoruacal liquor produced 
are also measured m a suitable manner A 
special testing works is sometimes erected in 
large undertakings and by this means quantities 
of coal up to 20 tons a day can be examined 
Small scale plant, modelled to represent large 
scale practice as nearly as possible, cannot be 
relied upon to give results obtainable in actual 
practice, as it is not possible to reproduce con 
ditions with sufficient exactitude Such small 
scale plant arc, however, of use in giving the 
comparative value of different coals forgas making 
purposes and from tests made with different 
samples m one and the same plant a fair idea , 
may be obtained of the relative values of different I 
samples Such apparatus also makes possible a 
check on deliveries of coal under contract 

THE MANUFACTURE OF COAL GAS | 

Briefly, the essential manufacturing processes 
necessarily involved consist of 

(1) The distillation of coal 

(2) The cooling and condensation of volatile! 

products 

(3) Washing the gas for removal of ammonia 

(4) Purification of the gas from hydrogen 

sulphide 

(5) Measurement of the gas produced 

(6) Its storage in gasholders 

The plant required consists of retorts set in 
suitable furnaces, coobng apparatus for tho hot 
gas, exhausting apparatus to pump gas away 
from the retorts and through the subsequent 
senes of process plant and — eventually to raise 
the weight of the gas holders — washers and 
scrubbers, punfiers, meters and gasholders, 
* r with amiable buildings 

In larger works there may be added to these 
processes plant for the blending of coals or coals 
and breeze, apparatus for the removal of cyano 
gen compounds, organic sulphur compounds, 
naphthalene, benzole and water vapour from 
the gas 

In addition to such plant and apparatus re 
J quired for tho processes there has necessarily 
to be equipment for the unloading, distribution 
and storage of coal, for the transport, prepara- 
tion and storage of coke and other materials. 


and for the supply and cooling of water For 
the driving of these and the other machinery, 
arrangements are necessary for the supply of 
steam, hydraulic and electric power Where 
carburetted water gas is manufactured in addi 
tion to coal gas, plant for this purpose has to be 
provided, together with the necessary con 
densers, exhausters, tar extractors, punfiers and 
relief holder 

In order to carry out the manufacture under 
economic conditions, much depends upon the 
nature and position of the works So far as the 
actual site is concerned, a gas works may only 
be constructed upon land that has been scheduled 
by Act of Parliament 

It is not possible to lay down any fixed rules 
with regard to the selection of sites, as generally 
only a few possible sites are available relative to 
the district to be supplied The site should have 
a good connection with means of transport, 
especially with the railway and, where possible, 
also with water, and even, in certain circutn 
stances, with unloading facilities for direct sea 
borne traffic, as otherwise the costs for bringing 
the large quantities of coal required and sending 
out coke produced are largely increased It is 
usually the practice to avoid erectmg new works 
in densely populated areas but the growth of 
towns has respited in many works originally 
erected in rural surroundings now being com 
pletely surrounded by houses 

In the laying out of the site it is impossible to 
indicate any but the most general rules The 
object aimed at is to design the works in such a 
manner that advantage is taken, where practic 
able, of existing natural conditions of level and 
of the relative positions of road, railway, canal 
or wharf, as the case may be, to facilitate the 
handling of the raw material and finished pro 
ducts, especially of the coal and coke, which 
form the largest proportion of these It is 
generally considered that two acres of land are 
required for each 1 million cu ft of coal gas 
produced per day, but on sites in built up areas 
where land is scarce and the position favourable 
to cheap manufacture, thi3 figure has been re 
duced to 1 acre per million cu ft per day by 
careful choice of plant and skilful arrangement 
The provision of sufficient area for gas, coke and 
coal storage becomes a difficult problem in these 
eases As an illustration of the extent to which 
the ground space required for plant can bo 
reduced, the figures given m Table IV, derived 
from data of T Hardie, E G Stewart and 
F B Richards, are of interest 

The greater output on a given ground space 
by the vertical retort type of plant is noticed 
If comparison is made with the older horizontal 
and inclined retorts Similar developments in 
Washing and purifying plant have enabled the 
ground space occupied by these units to be 
reduced Care must bo taken that the plant is 
Such as to allow of the extension of the various 
portions of the plant without necessitating the 
pulling down and re erecting of tho original plant 
in a different position or the undue cramping of 
tho latter 

Most gas works need to store coke in the open, 
and it is preferable to locate the retort house 
I on the windward side of the coke store 
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at the requisite temperature it -was necessary 
that the temperature of the hot combustion pro 
ducts should not be below about 1,000® when 
leaving the setting In addition, considerable 
excess of air was required for complete combus 
tion of the coke and this excess air passed away 
to the chimney at a high temperature The 
result was a great waste of fuel, the total con 
sumption of coke amounting to 26-30% by 
weight of the coal carbonised 
Direct firing has been abandoned in favour of 
indirect firing by means of producer gas formed 
from the coke 



The original type of producer was a built in 
furnace with a bar grate having an area of 
about 1 sq ft per retort Its defects were that 
the volume of gas vaned considerably according 
to the presence or absenceof clinker on the grate, 
and that unless frequently replenished with fresh 
fuel the quality of the heating gas was subject 
to wide variations as the fuel level rose or fell 
It was also difficult to secure a level top to the 
fuel bed, and, in addition, this type of furnace 
needed clmkenng every 12-24 hours with much 
loss of fuel in the process The next stage in 
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development was to remove the bar grate and 
substitute an inclined step grate This gave 
an area equal to 1 6 sq ft per retort, and 
resulted in less clinker formation and less 
variation m the gas Another advantage was 
that, instead of long period cleanings with con 
siderahle changes in furnace conditions, this type 
of grate could be attended to at short intervals 
of 2 hours, the ash and clinker being removed in 
small quantities as formed, and much loss of 
fuel in pan refuse prevented Still further lm 
provements have resulted in a deepening of the 
producer so that the store of fuel between fillings 
ensures a satisfactory fuel bed depth at all times 
The grate has been widened so that its area Is 
now 1 76-2 sq ft per retort As a consequence 
of the larger grate area, clinker formation is 
reduced to a minimum and the work of ash 
removal is not only less arduous, but is effected 
at a lower cost and with less loss of combustible, 
the fuel thus lost being only 10% of the total 
pan refuse as compared with 60% with the bar 
grate 

A Bimilar type of producer with a somewhat 
larger capacity is used for heating vertical 
retort settings The producer gas is removed 
"below the top of the fuel bed in this case 

Producers of the types described are fired with 
freshly produced cote In horizontal retort 
practice it is usual to discharge the hot coke 
directly from the retorts into the producer 
With continuous vertical retorts the coke is dis 
charged cool, and the producers of this type of 
lant are fed with cold»fuel An internal pro 
ucer of modem type consumes about 3 cwt of 
coke per ton of coal carbonised Where it is 
not practicable, due to the depth available, to 
build producers inside the retort house of a 
sufficient capacity for good working, the pro 
ducers may be constructed outside the retort 
house Though much of the sensible heat of the 
producer is lost, economies in fuel are effected, 
due to the better and more regular quality of 
the producer gas, which is, at the same time, a 
beneficial factor in the Lfe of the retort Outside 
producers may be fitted with mechanical grates 
and they open up the possibility of the removal 
of dust from the gas produced which, if it could 
be achieved, would assist in lengthening the life 
of the settings With this system a cheaper fuel 
is sometimes employed, the gasification of a pro 
portion of fine breeze giving satisfactory results 
The improvements in producer design de 
scribed above have raised the heating value of 
the gas from about 70 B Th U to 110 B Th U 
per cu ft (v Fuel, this Vol , p 367) 

Operation of the Setting — In brief outline, the 
method of operating the setting is as follows 
The hot producer gas passes directly from the 
producer to the combustion chamber by means 
of nostril holes at the bottom of each of the 
vertical spaces formed by the cross walls sup 
porting the retorts As the producer gas enters 
the setting, it is met by the stream of secondary 
air necessary for its complete combustion This 
air is introduced by suitable flues so arranged 
that a supply of air meets each stream of gas 
issuing from the nostnls Complete combustion 
takes place as the streams intermix m their cir 
dilation around the retorts The heat thus 
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evolved rsif.es the temperature of the retorts 
to the recuired point. 

The waste gases leaving the setting have a hicrb 
temperature since they must be snScientlv hot 
to raise the temperature of the last portions of 
the retort with which thev come in contact to 
the carbonising temperatnre repaired. If these 
hot vrsste gases vrere allowed to pass directly to 
the chimney ranch loss of heat would ensue. 
Their temperature on leaving the setting is in 
the region of 1.000° and they contain energy 
equal to 50-60% of that produced by the com- 
bustion of the producer cofee. To effect a partial 
recovery of this heat the waste gases are passed 
throngh a recuperator. This consists essen tially 
of a series of fines adjacent to, and separated by 
s thin bricfe partition from, a second series 
throngh —inch the secondary air Sows on its 
—ay to the setting, travelling in the reverse 
direction to the vrsste gas stream, llcch of the 
heat is thereby tr ansf erred to the secondary air 
and thus carried bscfe to the setting, enab ling a 
high temperatnre to be obtained with a low er 
feel consumption than vrould otherwise be the 
case. An intermittent method for the recovery 
of heat mom the waste gases is in use in the cofee- 
oven industry. This is carried ont in regerera- 
tcre. in which two sets of chambers are em- 
ployed. The hoi waste gases being used alter- 
nately to heat one set —Mis ibe air is heated by 
passage throngh the other set. 

The amotmt of primary air admitted to the 
producer and of secondary air to the setting is 
controEsd by Suitable slides on the ports of 
admission and by dampers placed at the outlet 
of the recnperators. By their adjustment, not 
only is the total amonni of gases drawn throngh 
the setting controlled, bnt also the proportionate 
amounts drawn into the different parts. By 
suitable regnlation of the primary air slides and 
dampers the requisite quantity of gas for the 
proper heating of the setting is made. At the 
same time the secondary air slides are adjusted 
to supply as nearly as possible the enact quantity 
of air required for the complete combustion of 
the producer gas. With this method of opera- 
Son. fuel consumption is rednced to about half 
that which would be required with direct firing. 

Until recent years the heat contained in the 
waste gases was utilised only to the extent indi- 
cated above and the gases entered the chimn ey at 
a temperature of about 700°. With the object 
of extracting some of this remaining heat energy, 
recov er y in steam boilers was introduced and is 
now popular. The earlier installations con- 
stared of an ordinary water-tuhe or fire-tube 
boiler interposed between the retort bench and 
the chimney. The chimney was still used to 
obtain the necessary draught, but was extended 
in height to overcome the effects of the lower 
temperature conditions. It was found, however, 
in view of the comparatively low temperature 
head, as compared with hollers using sofid fuel, 
that a specially designed boiler was essential, 
and the present horizontal fire-tuhe boiler was 
evolved. A typical boiler of this form is of say, 

6 ft. 6 in. diameter, 17 ft. between the tube plates, 
and contains over 2*0 1 J in. diameter tubes. 
With a heating surface of 2,200 sc. ft. such a j 
boiler will reduce the temnerature of the waste 


gases from S00 to 22.5°C. and evaporate 625 
gallons of water per hour into steam* at 115 lb. 
per sq. in. pressure, superheated to 44Q°E. The 
efficiency of these boilers is of the order of 60- 
75%. To ensure sufficient draught through the 
settings it is essential to provide an induced 
draught fa n , driven either by a steam turbine 
or by an electric motor. Generally, the higher 
the velocity of tbe gases through the boiler 
tabes the greater is the efficiency of heat trans- 
ference, but at the expense of higher power costs. 
The point of balance, therefore, reqnires careful 
consideration as the proportion of the output 
of the boiler used for this purpose may rente 
from 6 to 1S%. Where the exhaust steam can 
be utilised to heat the inco ming feed water to 
the boiler, a high overall eSciency can be ob- 
tained if air infiltration can be maintained at a 
low level, as the steam load on the ian will be 
such that the whole of the exhaust can then be 
absorbed. Waste-beat boilers working on hori- 
zontal retort settings are fitted with automatic 
feed-water regulators and are generally provided 
with superheaters. The results obtained by the 
employment of these boilers vary from 600 to 
1,500 lb. of steam per ton of coal carbonised, 
according to the design of the setting. Any 
leakage of coal gas through the retort wall causes 
a high yield of steam. Expressed in terms of 
producer fuel consumed, the steam raised is 
equivalent to l-S-A-5 lb. per lb. of fuel. Ex- 
pressed as a proportion of the energy in the 
producer feel the heat in the gross steam re- 
covered, i.e. including that used for the induced 
draught, varies from 15 to 45% according to the 
type of setting. The importance of waste-heat, 
utilisation in a modem gasworks may be gathered 
from the fact that up to 90% of the steam re- 
quirements of a works may be raised by waste 
heat. 

The charging of the coal into the retort and 
the withdrawal of the cofee produced were 
formerly effected by manual labour. In all 
works, except tbe smallest, these operations are 
now carried out mechanically. A number of 
tvpes of machine for thf- purpose have been 
evolved, but limitations of space preclude any- 
thing more than a vety general description. In 
the eariier ma chin es the existing manual method 
was closely imitated by mechanical means, the 
prig.ryfnw machine insetting the coal by means of 
a scoop or similar contrivance and the dis- 
charger removing the cofee by a mechanically 
actuated refee. 'Tn a more recent machine a 
stream of coal is projected into the retort, at a 
velocity such that it is carried to a stop placed 
at the "far end, and then built up evenly. The 
plan now adopted for cofee removal is that of 
mechamcaEypushirgii out from one end. Other 
machines effect in one movement the discharge 
of the cofee and the introduction of a fresh charge 
of coal. 

Machine charrinu makes it necessary that the 
coal does not contain lumps of too large a size. 
It is, therefore, dropped into a coal breaker, 
from — Hcfe it falls into an e’evator and is raised 
above the retort tenches by means of a conveyor 
into storage bunkers. 

The weight of the coal charge naturally varies 
with the srre of the retort. In conjunction with 
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the increases m carbonising temperatures ■which 
hare taken place in recent years, there has been 
a tendency to increase the size of the charge in 
the horizontal retort, for it is now realised that 
an important condition of coal carbonisation is 
this type of Tetort is that the largest possible 
charge of coal should be placed Within the retort 
compatible with the facilities for heating the 
coal and with the necessity for providing a free 
path for the gas to the gas off take pipe The 
temperature m the retort vanes m different 
works from about 900 to 1,250° and the time 
for the carbonisation of the charge is usually 
8-12 hours 

Immediately after charging, the doors at each 
end of the retort are closed and crude coal gas 
begins to ascend the off take or ascension pipes 
The gas evolved during the first 2 hours is highest 
both in quality and quantity For the remainder 
of the time the volume and quality 6teadily 
dimmish, and when carbonisation is nearly com 
plete the gas evolved consists chiefly of hydro 
gen with some methane and carbon monoxide 
E V Evans (Royal Society of Arts, Cantor 


Lecture, 1924) has described this alteration 
which takes place in the volume of gas evolved 
from the retort and the gradual decrease in the 
calorific value of this gas during the carbonising 
penod, and has conveniently expressed the 
result as shown m Fig 2 The length. A, of the 
thermal model represents the time of carboni 
sation m hours, while the height, B, represents 
the volume of gas produced per hour and the 
breadth, C, the calorific value 
In order to obtam a stream of gas which is 
approximately uniform m quality and quantity, 
and also to facilitate retort house working, the 
retorts are not all charged together, but a cer 
tain proportion are charged at regular intervals 
of an hour or two hours, according to circum 
stances By this means the coal in the various 
retorts is at different stages in the carbonisation 
process at any particular time 
The coke discharged from the retorts at the 
end of the carbonising penod is quenched with 
water and removed from the retort house, 
mechanical conveyors being used for the purpose 
in modern works 


Gas rate 



Fro 2 


The discharge of hot coke from horizontal 
retorts at a temperature of about 1,000° and its 
subsequent quenching represents a heat loss 
equivalent to about 25% of the heat generated 
in the producer Attempts have been msdeto 
convert this heat to some useful purpose The 
method employed in one of these is to place the 
hot coke in a vessel forming part of a boiler in 
stallation, and inert gases are circulated in such 
a way that heat is transferred from the coke to 
the boiler water In Table V (T Hardie.J Inst 
Fuel, 1027, I, 1) is shown the distribution of 
heat energy obtained in normal horizontal retort 
carbonisation with modem plant, but without 
taking into account the increases that can now 
be obtained by absorbing the heat energy coo 
tamed in the products and in waste heating 
gases leaving the settings 

TABLE V — CABBOMSATIO'f O? COAL, 
Horizontal Retorts 

JSTtuU 

otential energy in coal 

I ton at 13,400 B Th U per lb 30,016,000 


Products of carbonisation 
Gas, 13,160 cu ft of 545 B Th U 
Tar, 9 35 gallons at 18,600 B Th U 
per gallon 

Coke and Breeze, 14 5 cwt at 
I2.2S4 B Th U per lb 


Heat in combustible products, neg 
lecting ammonia, retort carbon. 


Thermal efficiency of conversion 


Products used on works in process 
Coke for heating retorts, 3 cwt at 
12,500 BThU per lb 
Breeze for obtaining power, 1 cwt 
at 10,000 BThU per lb 


B.Th.0 
7,172,200 
1,729,750 
19 950,000 


28,851,950 


4.200.000 

1 . 120.000 


Total heat used on works . * 5 320 000 
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Products for sale to public : 

Gas, 13,160 cu. ft. at 545 B.Th.U. . 

Tar, 9-35 gallons 

Coke 10-25 c wt. at 12,500 B.Th.U. 

per lb 

Breeze, 0-25 cwt. at 10,000 B.Th.U. 
per lb 


Commercial efficiency of process 
=78-4%. 

Sets . — If all power is derived from waste-heat steam, 
then 11 cwt. of breeze are available for sale and the 
efzdency becomes 52-5%. 

Lscixsed Retosts. — In this type of setting, 
which is obsolescent, the retorts are inclined at 
an angle in order to utilise the action of gravity 
for charging and discharging purposes. The 
inclined setting is relatively costly to install 
and has usually a shorter life than a horizontal 
setting. In addition fuel consumption is higher. 

Cabbovisahob- rx Veeticai, Retokts. — 
Carbonisation in vertical retorts has become in- 
creasingly popular during the past 20 years. 
Among the attractions of this form of carbonisa- 
tion may be mentioned the successful utilisation 
of gravity for charging and discharging — without 
at the same time incurring certain drawbacks 
inherent in the inclined retort — and the ability 
to produce simultaneously a proportion of water 
gas within the retort by the introduction of 
steam- This form of carbonisation also elimi- 
nates disadvantages associated with a large free- 
space above the coal charge. Furthermore, the 
water-gas formation in the lower part of the 
retort reduces heat losses in the discharged coke 
and assists in the removal of coal gas from the 
tiot zones, thereby protecting it against degrada- 
tion. In modem vertical retort installations it 
is the practice to recover sensible heat from the 
waste gases as steam, not only for use in the 
retorts but also for generation of power required 
for driving all the auxiliary plant. These factors 
contribute to make vertical retort practice an 
efficient method of coal carbonisation. 

Intermittent Vertical Retorts . — The vertical 
retort, as originally introduced at the beginning 
of the century, was designed for intermittent 
carbonisation. That is to say, previous practice 
was adhered to, in so far that the coal is charged 
all at once into the retort from an overhead 
hopper and allowed to remain there until car- 
bonisation is complete, when the coke is dis- 
charged by gravity and the retort refilled with 
fresh coal. 

The Dessau vertical retort system, patented 
by Bueb (B.P. 1393, 1904), represents this type. 
The retorts are either 4 or 5 metres in length, 
having an oblong cross-section with rounded 
comers and are tapered, increasing in size from 
top to bottom to facilitate the discharge of the 
coke. 4, 6, S, 10 or 12 retorts are set in rows of 
two in a setting, each setting being heated by gas 
from a separafe deep producer capable of being 
filled much above the point at which the producer 
gases are drawn off, so that it may run for 24 
hours without recharging. The recuperators are 
arranged on each ride of the producers. Fig. 3 


B.Th.U. 

7,172,200 

1,729,750 

14,350,000 

280,000 

23,531,950 


gives a vertical section of such a setting and 
producer, showing the genera] arrangement of 
the plant. 

As the thickness of the charge is greatest at 
the bottom, the highest temperature is main- 
tained at this point, with a rather lower tempera- 
ture in the upper portions where the thi ckn ess 
of the charge is less. The result of this arrange- 
ment is that, even at high temperatures, not 
only is a large yield of gas obtained, but at the 
same time the tar formed is very fluid and only 
contains a small percentage of '“ free carbon.’’ 
The naphthalene production is lessened, and 
that of the lower-boiling tar constituents in- 
creased, with the result that the naphthalene is 
sufficiently completely removed from the gas in 
the ordinary process of condensation without the 
adoption of any special treatment and, at the 
same time, the amount of sulphur obtained in 
the form of carbon disulphide is reduced. The 
yield of ammonia is higher, and the coke pro- 
duced is harder and denser than that formed 
from the same coal in horizontal retorts. These 
variations are evidence of the fact that less 
secondary decomposition of the products evolved 
from the coal charge takes place. Two factors 
are concerned in this, not only is the free space 
above the surface of the coal reduced to a 
minimum, but also there is a path of escape for a 
portion of the products through the cool central 
core of nncarbomsed or partly carbonised coal, 
thus avoiding the hot outer layer of coke and 
the retort walls. 

J. S. Thorman (Trans. Inst. Gas. Eng. 
1930-31, 364) has described an installation of 
intermittent vertical chambers which are bnilt 
of silica throughout their heated height of 
19 ft. 6 in., are rectangular in plan, have a major 
axis of 10 ft. at the bottom and have a uniform 
taper from bottom to top of the minor axis to 
ensure unaided discharge of the coke. The coal 
capacity of each chamber is 3-6 tons. Labour 
and maintenance costs are low with this type 
of plant, which has the flexibility regarding gas 
quality and output characteristic of intermittent 
carbonisation. The calorific value of the gas 
produced is determined by the carbonisation 
period and the time during which the charge is 
steamed. 

Continuous Vertical Retorts . — The object aimed 
at in this sytem of carbonisation is not only to 
avoid an excessively heated free space above the 
coal, but also to render the process a continuous 
one by the addition of mechanical arrangements 
whereby the coke is withdrawn continuously 
from the bottom of the retort, fresh coal being - 
added to the retort at the top to replace the coke 
withdrawn. In this way the coal travels slowly 
down the retort undergoing gradual conversion. 
The conditions in the retort, therefore, remain 
appro ximatelv constant, and the quantity and 
qualitv of thegas evolved remain fairly constant, 
as distinct from the conditions in the inter- 
mittently-charged retort where there is a falling- ’ 
off in both quality and quantity as carbonisation 
proceeds. 

The constant movement of the charge through 
the retort modifies the conditions of carbonisa- 
tion. As with the intermittent retorts, the heat 
penetrates the mass of coal from the periphery 
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and travels inwards but as the coal is moving 
constantly downwards the uncarbonised coal 
takes the form of a cone the base of which is at 
the top and the apex at a point about two thirds 
of the length of the retort below Some of the 
gas formed escapes through this core of uncar 
borused coal, the remainder passing through the 
surrounding hot coke The free space at the top 
of the retort is small 

The continuous system of carbonisation has 
b°en worked out chiefly in this country In the 
early years of this century results were obtained 
with the Settle Padfield continuous vertical 
retort (B P 12552 1902 245S8 1903) which 


COAL. 

showed the possibilities of this form of carboni 
sation This was followed by others, notably 
the Woodall Daciham (B P 16497, 1903 el 
seq ) and the Glover West (B P 23650 1905 el 
seq ) These two "Ystems w their modem forms 
will be described in brief outline 
In the Woodall Duckham system the silica 
retorts are rectangular in section and tapered 
Each bench of retorts is heated by a number of 
outside producers the producer gas being taken 
to the bench by a distributing mam and burnt 
in vertical flues at the sides of the retorts By 
means of a second air supply, combustion can 
take place at two levels Each retort constitutes 



a separate unit inasmuch that it has its own pro 
dncer gas secondary air and waste gas dampers 
a factor which makes for flexibility of output 
The v aste gases are collected and taken directly 
to the waste heat boiler The secondary air is 
pre heated by circulation around the base of 
the retorts before rising to the combustion zone 
through the flues Steam for gasification and 
coke cooling is admitted to the coke extractor 
chambers at the bases of the retorts Heat 
economy is facilitated by careful attention to 
lagging The waste gas mams and the producer 
gas mains are lined with insulating bncks and i 
the side walls and the top of the bench are also 
insulated 

The Glover est retort is elliptical in cross 
section The producers which are built in one 


at the base of each setting supply gas to several 
horizontal chambers one above the other, for 
heating the retorts which pass through the 
chambers In this system the retorts are heated 
most highly m the lower portions the tempera 
tore decreasing towards the top of the retort 
round which the heating gases are circulated 
before passing to the waste gas fines Steam is 
admitted to the coke chambers for coke cooling 
and gasification ho recuperators a re employed 
the waste gases passing to collecting flues 
whence thej are drawn through waste-heat 
boilers and discharged to the air The setting is 
cased in insulating bncks and the waste gas flues 
between the settings and the boilers are back 
lined and lagged The step grate producers 
have no doors at the grate regulation being eon 
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trolled by dampers at the entrance to eadi heat- such as heat transfer from the retort bases or 
ing chamber. Fig. 4 Illustrates a continuous by circulation through hollow trails of the setting, 
vertical retort setting. In this way heat is transferred to the air which 

In the continuous system it is possible and would otherwise be lost with the coke or by 
convenient to make efficient use of the sensible radiation from the setting. Operation in t his 
heat of the coke by inserting a steam jet at the wav more than doubles the steam yield. Up to 
base of the retort. The steam extracts heat 1,500 lb. of steam per ton of coal carbonised can 
from the coke, reducing its temperature to about be obtained from waste heat with vertical 
300 C C-, and simultaneously forms water gas. retorts. After allowing for the induced draught 
thereby increasing the make of gas per ton of fans, sufficient steam is available, subject to a 
coaL This steaming process can be extended level load factor, to supply the works’ demands, 
to 20% of steam, but the first 5% of steam (ex- In addition, there is sufficient steam to meet the 
pressed as a proportion of the charge weight) steam requirements for injection into the retort 
requires no additional consumption of retort- and then leave a surplus. The recovery of the 


heating fuel for its decomposition, 
and results in an increased yield 
of gas approximating to 10 therms 
per ton of coaL 

For the ideal reaction to take 
place successfully, tie temperature 
of the reacting substances must be 
maintained at a minimum of 
1,000'C. otherwise the following 
reaction also appears to take place : 
Cq-2H.O=Cb,-f2H.. This leads 
to the introduction of CO, into 
the gas stream, a condition ob- 
viously to be avoided. Further- 
more, if the temperature is not 
sufficiently high, only part of the 
steam is decomposed and the re- 
moval of valuable heat by tm- 
decomposed steam causes undesir- 
able complications. The heat 
required to raise the steam to the 
optimum reaction-zone tempera- 
ture is obtained from the coke 
prior to discharge, an operation 
which combines heat regeneration 
with dry quenching of the coke. 

It may be mentioned here that 
attempts have been made from 
time to dime to apply steaming to 
horizontal retorts, but up to the 
present it has not been generally 
adopted. Experiments show that 
for effective operation it is necessary 
to have a path above the charge, a 
tight retort and superheated steam. 
The quality of the coal greatly 
influences the results. A discussion 
cm the economics of steaming in 
horizontal retort practice has been 
given by G. L. Brsidwood (Gas J. 
1935, 212, 701) who emphasises 



the importance of local conditions. 

From the thermal view-point the contmonsly 
operated vertical retort is highly efficient. This 
will he apparent when it is realised that, com- 
pared with the horizontal retort, the temperature 
of the coke discharged is about 1,3-50'F. lower, 
and the temperature of the volatile products 
leaving the retorts is about 200T. lower. In 
addition there is reduced radiation from the 
bench in consequence of the smaller surface area 
for a given through-put capacity of the plant. 
Undent practice is to elimina te recuperators and 
pass all the waste gas directly to the waste-heat 
boiler. 

Air pre-heating is arr ang ed from other sources. 


heat from waste gases has already result ed in the 
release for sale of large quantities of coke and 
breeze previously used on the works for steam 

fAng . Waste-heat recovery is discussed by 
W. Gross art (Traits. Inst. Gas Eng. 1934—35, 84, 
934). 

Emu basis has already been laid on the import- 
ance Vhich must be attached to the effects 
xesultins from the secondary decomposition of 
the primary products of carbonisation within 
th» retort." The treatment to which these 
p -fmg.r y products are subjected in the vertical 
retort are less severe than is the case within the 
horizontal retort, where cracking conditions 
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reach a maximum when the retort is operated 
with light coal charges, * e. with a large free 
space above the retort. The tar produced in 
vertical retorts is thin and contains little “ free 
carbon.” Naphthalene production is at a 
minimum and carbon disulphide formation is 
reduced. Carbonising conditions are also re 
fleeted m the composition of the benzole m the 
gas Table VI shows analyses of benzoles 
extracted from gas made in (1) horizontal retorts I 
with a light coal charge, (2) horizontal retorts 
with a heavy coal charge, and (3) continuously ■ 
operated vertical retorts. 


Table VI. 



1 

2 

3. 

Weight of coal charge (lb 




per cu ft of retort space) 
Spirit per cu ft of ga3 (cc) 
unsaturated hydrocarbons 
as shown by loss on acid 

28 6 

37 0 


0 790 

0 833 

— 





4 20 

4 40 

20 84 

Carbon disulphide . 

129 

0 79 

0 43 


2 10 

4 39 

20 05 


1 77 75 

68 63 






Xylene (to 135°) 

| 1 34 

2 32 

6 10 1 





Losb during analysis 

0 96 

160 

131 


1 To 150® 


A high proportion of unsaturated hydrocar- 
bons, of paraffins and of the higher aromatic 
hydrocarbons reflects the less drastic conditions 
within the vertical retort 
Carbonisation in Coke Ovens — Attention 
has recently been paid, notably m Germany and 
the United States, to the carbomsation of coal 
for gas making purposes in chambers of larger 
capacity and more in accordance with metal- 
lurgical coke oven practice (see Coke Manu 
eactube, Vol. Ill, 260), Where ordinary gas 
coal is used, the results so far as the quality of 
gas, tar and ammonia are concerned do not 
differ materially from those obtained with inter- 
mittent yertical retorts. In so far as this countiy 
is concerned, it has been shown by E. G Stewart 
(Gas J. 1930, 190, 764) that coke ovens can be 
and are being successfully operated with pro- 
ducer gas firing on gasworks, but that their 
economic usefulness is limited to the largest 
works All charges connected with labour, 
quenching plant, coke wharf, coal plant, bunker, 
etc , increase as the size of the umt is diminished. 
Stewart (l e.) gives the following comparison to 
show costs of gas making . 

Per therm. 

Coke ovens, 1,200 tons per day 1 804d. 

Continuous verticals, 646 tons per 
day 1 815d. 

Horizontals 480 tons per day 2 099<f. 




Fia 6 — Self Sealtnq Mouthpiece 


When the daily capacities of the installations 
are taken into account, the continuous vertical 
retort is shown to be the cheapest. 

A definite outlet for the dense type of coke 
produced is necessary. Oven coke is suited 
to large central heating stoves and to other 
appbanccs commanding a good draught. It has 
the advantage of a low ash content and has the 
ability to withstand transport and storage with- 
out breeze production The use of the open 
grate and the rapid rise in popularity of the 
small coke-boiler has created a general pre- 
ference for a more easily combustible coke In | 
consequence, coke of the character produced 
by the horizontal retort and, to a greater extent | 


still, by the continuous vertical retort has been 
in demand in recent years 
Any examination of the extensive literature 
on coal carbonisation should include the 
reported investigations of the Fuel Research 
Board. 

Tbeatment of the Hot Gases Issuimi from 
the Retobts — The horizontal retort is fitted 
with cast iron mouthpieces having a hinged lid, 
which can he opened for the purpose of dis- 
charging the coke and putting In a fresh charge 
of coal and then closed so as to form a gas tight 
joint. An illustration of a mouthpiece in 
common use is shown in Fig 6 In the top of 
the mouthpiece is cast a socket, into which is 
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fixed a vertical pipe of from 4 to S in. diameter prevent access of air during those times when 
termed an ascension pipe extending upwards the retorts are being charged. These dip pipes 
above the brickwork of the setting. By this and so-called" anti-dips Trill be discussed below, 
means the gas is led into the collecting main by In the case of the vertical retort, the gas is led 
way of a seal or valve designed primarily to from the top of the retort to the collecting main 



Fig. 6. — Dillaaiobe Tab Tower. 


in a similar way. A pipe in the top or side of namely, the hydraulic main and the dry mam 
the collecting -main conveys the crude gas into In the hydraulic m a i n the tar and hquor con- 
the foul main which takes it from the retort densed from the gas at this point are showed to 
house to the condensing and purifying plant. accumulate to such an extent that the dip pipes 
Two types of collecting main ' are in use, are sealed in the liquid, this seal then forming an 
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automatic valve, which allows the gas from the 
retort to bubble through it into the collecting 
main, but prevents any gas getting bach from 
that main when the retort hcj 13 open Where 
the hydraulic mam is employed, it is usual to 
adopt means whereby the tar and ammomacal 
liquor which separate in that main are drawn 
off separately The tar is taken awav from the 
bottom as it separates, while the hqnor flows 
away from an. overflow, the height of which can 
be regulated as desired, tbe object especially 
aimed at being to ensure that the dip pipes are 
sealed m hqnor and not m tar or varying mix 
times of tar arid liquor On some worts the, 
DiUamore tat- tower, shown in Fig 6, is in use 
This is placed at the end of a bench of retorts 
as shown and serves a number of beds The tar 
pipe runs from the bottom of each hydraulic 
mam to about the middle of the tower, whilst 
the lighter ammomacal liquor flows from a side 
opening near the upper level of the liquid in the 
hydraulic main to the top of the tower The 
latter is also connected by an equilibrium pipe 
to the top of the hydraulic mam, or foul main, 
the gas pressure m each being thus maintained 
the same, under which tircumstances the upper 
level of the liquid is the same m both The 
condensed liquor flows from the top of the tower 
over a weir valve, the height of which can be 
regulated to give anv required depth of seal in 
the hydraulic main The tar accumulates m the 
bottom of the tower, displacing an equal volume 
of liquor, which flows away over the weir valve, 
and is run off periodically, care being taken that 
its upper level never rises above the level at 
which the tar enters the tower Whilst running 
the tar off Uquor must be run m from a tank to 
the top of the tower at a greater rate than that 
at which the tar is run off, as otherwise the level 
of the liquid in the hydraulic main would fall, 
unsealing the dip pipes A disadvantage of the 
Dillamore tower is that the depth of seal varies 
with any sagging of the main 

Sealed mams are fairly common in horizontal 
retort practice The alternative method of 
operation is more usual with dry, 1 1 unsealed 
mains, and is usual in vertical retort practice 
With this latter type of mam the dip pipes are 
not sealed in the liquid during the gas making 
period, and means must be adopted for dis 
connecting the retort from the foul mam at 
times of charging Fig 7 illustrates one method 
m use for this purpose It consists essentially of 
a double pipe, the outer sleeve of which can be 
lowered into the liquor to seal the mam when 
required 

Unsealed mains, as distinct from sealed 
hydraulic mams, may be used with all types of 
carbonising plant 

In order that the liquor may dissolve the 
ammonium chloride from the gas and also cool 
the gas sufficiently to prevent the deposition of 
tar as pitch, it is necessary that the liquor should 
have the necessary degree of contact with the 
gas With horizontal retorts having sealed dip 
pipes, this 19 obtained by the gas bubbling 
through the seal In other cases, where no seals 
are provided, liquor must be sprayed into the 
gas 

In those types of plant in which the gas enters 


the hydraulic main at a high temperature (500- 
COO 0 ), t g intermittent vertical retorts and coke 
ovens, considerable evaporation of the cir 
dilating hqnor into the gas takes place It is 
through the agency of this that the gas is rapidly 
cooled and pitch deposits are prevented In 



Fio 7 — H\ DRitnrc Main - and Asti 
Dip 

such systems it is especially important that the 
circulating tank be provided with an adequate 
make up of liquor returned from the condensers, 
so as to keep the ammonium chloride content 
of the circulating hqnor below about 7 g 
NH t CI per 100 c e of solution 
For the satisfactory running of the retort 
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bouse it is essential that tie gas pressure in tie 
retort and in tie hydraulic or dry main should 
be _ crder complete control. If the pressure 
viihin tie retort is aHoved to become snb- 
sta nliaTIy greater than that in tie combustion 
chamber surrounding it, gas tends to escape 
through cracks in the retort -sails and is burnt 
around the setting and lost. Analy ses of vaste 
gases may. in fact, be used, for calculating the 
thermal equivalent of a coal gas leakage through 
the retort valL as has been shovn by H. Hoflings 
(it:d. 1928, 128, 924). Again, if the pressure 
vithin the retort becomes materially lover than 
that vithin the setting, vraste gases, consisting 
chief y of carbon dioxide and nitrogen, are 
dravn into the retort and lover the quality of 
the gas by dilution. 

A considerable pressure is required to push the 
gas through the condensers, scrubbers and puri- 
fiers and into the holders. Therefore, in all but 
very small vorks, a pump or exhauster is em- 
ployed to drav the gas from the retorts as it is 
made and to force it through, the subsequent 
apparatus and into the holders. 

In addition an automatic retort-house 
governor is employed to ensure a constant pull 
in the hydraulic maim whatever the volume of 
gas leaving the retorts- At the same time the 
governor reduces the intensity of the vacuum 
created by the pull of the exhauster. Retort- 
house governors are of tv o types : (a) the bell 
type, and (S) the relay type. In the first a 
system of air fioats is employed inside a holder 
fell, regnlation being obtained by direct loading 
cm the helL In the second a method of counter- 
balance is used, no air fioats being employed. 
For a detailed description of retort-house 
governors reference should be made to G. DongiE 
(Inst. Gas Eng. Comm. 193", Xo. 173). 

Gas enters ~ths condensers from horizontal 
retorts at a temperature of about 130fiF. With 
continuous vertical-retorts the dev-point is 
about I60T., and vith intermittent vertical- 
retorts and coke ovens ITOfiF. The high dev- 
noint in the case of continuous vertical-retorts 
. is d tt & to steaming the retorts. The higher dev- 
point in the case of intermittent vertical-retorts 
and coke ovens is due to liquor re-evaporated 
from the circulating systems, consequent upon 
the high temperature at vhic-h the gas leaves 
the chambers. 

Chemical Changes Occurring During 
Carbonisation. 

The ultima te analysis of co'al shovs it to con- 
sist essent ially of the elements : carbon, hydro- 
gen, oxygen, nitrogen and. sulphur vhicb are 
combined together in complicated polynuclear 
aromatic (beuzeuord) structures (r. Fm). In 
the manufacture of coal gas these complex com- 
pounds are broken down by thermal decom- 
position to sim pler substances. The products 
vith the simulest molec ular structure are found 
in the gas, vhSe the more complex substances 
are found in the tar, liquor and coke, the chief 
bv-productsuf the carbonisation industries. 

'The foUovirg analysis of a typical Barham 
gas coal, vashed fairl y free from other sub- 
stances, gives some idea of the uftiniate com- 
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position of the coal— carbon 81-64%, hydrogen 
5-01%, oxygen 5-78%, nitrogen. 1-71%, sulphur 
0-91% and ash 3-60%. Although carbon, hydro- 
gen, oxygen, nitrogen and sulphur are the main 
elementary constituents of coal, other elements 
capable of yielding volatile carbonisation pro- 
ducts may he present in small quantities*: 
chlorine, phosphorus, germanium and arsenic 
are often to be found in coal together vith 
finorine, antimony, selenium and boron. Among 
elements present in coal ash, iron, aluminium, 
silicon, calcium and magnesium predominate, 
but traces of other elements such as gallium, 
vanadium, boron, cobalt, nickel, zirconi um, 
zinc, molydenum, yttrium, silver, indium, thal- 
lium, cerium, lanthanum, antimonv, tin, lead 
and bismuth have been identified. 

Tee Acnoy of Heat os Coal: Pelsiabt 
Decoeposttiov oe Coal. — The thermal decom- 
position of coal appears to begin betveen 290 
and 350 f C. although vater and occluded gases 
may be evolved belov these temperatures and 
some alteration of internal chemical structures 
may occur. The first decomposition products 
are vater, carbon monoxide and carbon dioxide, 
but betveen 30Q-35Q C C. the evolution of hydro- 
gen and hydrocarbons, many of vhieh condense 
to oily tarry liquids, increases considerably. At 
temperatures of 200-300'C. the decomposition 
of sulphur compounds forms hydrogen sulphide : 
the evolution of ammonia from the nitrogenous 
compounds appears to take place above 3G0 C C. 

; vbile the greater part of the oxygen originally 
present in the coal appears in the products 
obtained belov 5W'C. 

The initial decomposition is accompanied by a 
fusing or softening of the coal to form a “ plastic 
layer?’ This plastic layer is a bad conductor 
of heat and a barrier to the passage of gases. 
Gases are formed, hovever, in the plastic layer 
and escape in the direction of least resistance, 
the frothing of the plastic layer causing the 
cellular appearance of the residual coke. The 
formation of the plastic layer is, in fact, a 
characteristic of vhat is termed a “ co ki n g ” 
coaL Xon-coking coals yield, under the action 
of heat, volatile products similar to those obtained 
from co king coals, but as no plastic layer is 
formed the residue is either a povder or has 
the same appearance as the original coal. 

It bag been cl aime d that as much as 70% of 
the orizihal coal substances may be decomposed 
belov 5Q0 C C. and that the formation of free car- 
bon begins at this temperature. Such decom- 
position is usually termed the primary decom- 
po-iilion of coaL 

The primary decomposition of coal is best 
studied by distillation ir. vacuo because there is 
less probability of secondary changes occurring. 
Such treatment has shovn that hydrogen is a 
product of the primary decomposition of coal 
and that the substances obtained in the solvent 
extraction of coal are decomposrtion products 
as thev are sfuiTTar to the tars produced by these 
vacuum dfetxllatioiis. “Primary" tare of a 
similar character are produced by heating coal 
at temperatures belov 6Q0 C C. under atmospheric 
pressure. They contain naphthenes and hydro- 
aromatics, olefins, phenoL oxygenated com- 
pounds and many complex substances vhieh 
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are benzenoid in structure but rather more com 
*plex than benzene itself 

Low Temeeeatuee Cakbo visatiov — When 
coal is heated in absence of air at temperatures 
of 50CW>00°C. the products obtained are largely 
the results of primary decomposition The 
yields of products per ton of bituminous coal (cf. 
Fig. 8) are of the following order: gas, 30-40 


therms or 4,000-6,000 cu ft of calorific value 
600-800 BThU per cu ft., liquid, 15-20 
gallons of liquid which consist mainly of un 
saturated paraffin or naphthene hydrocarbons, 
tar acids and bases, and from which about 3 
gallons of bght spirit can be obtained ; and tohd, 
semi coke, 15 cwt The composition, of the tar 
and aqueous products from low temperature 
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FINAL PRODUCTS ILLUSTRATIVE OF 
HIGH TEMPERATURE CARBONIZATION 
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carbonisation has been studied by G. T Morgan 
and hi3 co workers ( I R C I 1935, 54, 19T , etc ) 
/ w ho have shown that phenols and anthracene 
occur in the products of carbonisation at tem 
peratnres as low as 450°C It wonld appear that 
their work confirms the benzenoid structure of 
coal and correlates with the work of Pictet (Ann 
Cbim 1918, 10, [lx], 249, etc ), and of Juettner 


and Howard (Ind Eng Chem 1934, 26, 1115, 
etc ), on the vacuum distillation of coal 
Work is still proceeding all over the world on 
the subject of the thermal decomposition of coal. 
The complexity of the problem and the methods 
used by various research workers have been 
summarised by H H Lowry (J Inst Fuel, 1937, 
10, 292) 
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Second A 2r Dzcohposiziox. — The process 
coal carbonisation for the manufacture of coal 
gas is based on the secondary decomposition of 
the substances formed by the primarv decom- 
position of the coaL Fig. 9 shows a cross-section 
of a horizontal retort. The combustion chambers 
round the retort are usually maintained in 
modem practice at a temperature of about 
1.350 ; C. At the end of a carbonisation the 
temperature just inside the —all; at the crown 



Fig. 9. — Sections of Hofizostal Betobt 
A em of Cor.Tcn.ors Yebucal Eetoht. 


of such a retort (i.e. at point B) may be about 
1,15Q T C. After charging with fresh coal this 
temperature falls to about SOO'C. and then in- 
creases by about 30'C. per hour. The tempera- 
ture of the inner mass of coal rises slow ly because 
the coal and the plastic layers are bad con- 
ductors of heat. The temperature of the coal 
at the point A. for example, may be only 400'C. 
some hours after char ging the retort — such coal 
will undergo primary decomposition but the 
products of this decomposition can only escape 
through the hotter outer layers of the carbonising 


mass and along the crown of the retort, —here 
they trill be subjected to secondary decom- 
position. AH products except those formed near 
the ascension pipes, —hi eh escape with a min i, 
mum of secondary decomposition, trill undergo 
a secondary decomposition at temperatures 
ranging from SOO to 1,100"C. 

The plastic layer trill gradually work toward 
the centre of the charge and coking should be 
complete at the end of the carbonising period. 
The latter varies with the size of the retorts but 
is usually S. 10 or 12 hours. 

The conditions in continuous vertical-retorts 
are a little different. As cold coal is fed con- 
tinuously into the top of the retorts there is a 
cone, as shown in Fig. 9, of lower temperature 
j within the retort and the plastic layer will be 
almost stationary. The primary products of 
decomposition evolved at the top of the cone 
will escape without much further degradation, 
but substances formed lower down will have to 
pass either through the coke or through the coaL 
Intheformercasetheywillbesubjectedtoa con- 
siderable amount of secondary decomposition. 
In general, the cracking conditions are not so 
severe as in horizontal retorts although attempts 
h^ve been made to control cracking in vertical 
retorts by providing an empty cracking zone at 
the top of the retorts- The secondary decom- 
position conditions in intermittent vertical re- 
torts and coke ovens appear, in general, to be 
intermediate between horizontal and continuous 
vertical-retorts. 

It will be seen therefore that the process of 
high-temperstnre carbonisation will yield a 
variety of products. Some of these will be the 
products of primary decomposition, but the 
maj ority will have been subjected to a process 
of secondary decomposition at temperatures in 
excess of SOO'C. In consequence the rates of 
thermal decomposition of hydrocarbons and the 
equilibrium conditions existing at temperatures 
above SOO'C. become of interest. 

Tkebj ial EQrxLiBErcnr Coxnmoxs at High 
! Tfhfkeatcees. — The thermal-equiLibrinm eon- 
i dirions for hydrocarbons at temperatures above 
| 750 C C. indicate that only methane and, to a 
| s mall er degree, ethylene are appreciably stable. 

| Other hydrocarbons decompose rapidly to yield, 
eventually, methane and ethylene. Studies of 
the composition of the gaseous products of high- 
temperatnre carbonisation have shown that the 
concentrations of hydrocarbons are of the follow- 
ing order: methane 24%. ethylene 2%, vapours 
of” benzene and other liquids 1%, ethane 0-S%, 
with concentrations of less than 0-2% for other 
hvdxocarbons such as propane, propylene, 
butane, acetylene and butylene. It is apparent, 
however, that the vield of methane in high- 
temperature carbonisation is greatly in excess 
of the thermodynamic requirements for the 
equHibtium CH.wC-p2Ho. At 1,000'C. 0*S% 
C*H 4 is sufficient for this equilibrium, but it has 
been shown that the decomposition of methane 
proceeds by a series of steps through ethane, 
ethvlene and acetylene, and that, owing to the 
retardation of the decomposition of the acety- 
lene bv hydrogen, larger amounts of methane 
are obtained. It would appear that the equili- 
brium 2CH < ^=C. is maintained with 
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a very Uttle acetylene and that in consequence 
larger amounts of methane remain undeco m 
posed so that at 1,OQO°C , for example, 20% of 
methane is stable Equilibrium conditions are 
more quicUy reached at higher than at lower 
temperatures, and there are some grounds for 
believing that, apart from equilibria involving 
carbon, conditions appertaining to the various 
hydrocarbon equilibria exist in the retorts 

G EglofT, “The Reactions of Pure Hjdro 
carbons, ’ (Reinhold Publishing Corporation, 
1037), has reviewed fully the present state of 
knowledge with regard to the thermal decom 
position of various hydrocarbons The original 
tentative suggestions of Bone and Coward and 
others (JCS 1908, 93, 1197, etc) as to the 
fleeting existence of free radicles sncb as C H s 
CHj CjH,, etc , have been shown to be correct 
by Paneth (Ber 1929 62 [B] 1135, etc ), Rice 
and others (J Ainer Chem Soc 1931, 53, 1958, 
etc), and there can be little doubt that such 
radicles play a part in the establishment or 
partial establishment of various equilibria m the 
retorts 

The formation of the simpler aromatic hydro 
carbons m the retorts, particularly of benzene 
and toluene, is of interest in view of the fact that, 
in general, the more severe the cracking con 
ditions the greater is the yield of these hydro 
carbons Benzole obtained from carbonisation 
in horizontal retorts is richer, for example, in 
aromatic hjdrocarbons than is benzole obtained 
from vertical retort systems The formation 
of the bulk of these aromatic hydrocarbons 
appears to be the result of secondary and not 
primary decomposition Many workers since 
Bertbelot have shown that benzene end other 
aromatic substances can bo produced from 
simpler ahphatic or phenolic compounds, and 
Wheeler, Wood and others (JCS 1930, 1819) 
regarded the formation of some of the aromatic 
hydrocarbons as proceeding in the following 
stages, ethylene ->■ butylene -*■ butadiene ->• aro 
matics 

Besides the equilibria existing between various 
hydrocarbons and hydrogen other equilibria 
are of importance In view of the modern 
practice of Bteanung the hot coke m the retorts 
in order to form water gas, the equilibrium 
CO t -f H,v^CO+ H.O has become increasingly 
important. In order to obtain a maximum of 
hydrogen and carbon monoxide and a minimum 
of carbon dioxide the temperature of the coke 
should be as high as possible [see Gas, Water) 

High Temperature Carbovtsatiov — It has 
already been seen that high temperature car 
bomsation is based on the secondary decom 
position of the products of the primary decom 
position of coal The yields of the various 
substances resulting from the high temperature 
carbonisation of 1 ton of bituminous ash free 
coal are compared with the products of low 
temperature carbonisation in Fig 8 [cf E V 
Evans, Gas World, 1928, 139, 205, S Pexton, 

J Inst. Fuel, 1937, 8 201) Stage 1 represents 
the primary decomposition of the coal, stage 2 
the mild secondary cracking of the tar and 
stage 3 the more severe secondary decom 
position of the tar together with the removal of 
35 therms remaining in the semi coke to gne a 
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total of 85 therms in the gas and 20 therms in 
the tar 

For a coal containing 8% of ash and moisture 
the normal complete yields of high temperature 
carbonisation are approximately 75 therms of 
gas [eg 13,400 cu ft of gas of calorific value 
560 B Th U per cu ft ), 18 5 therms of tar [e g 
11 gallons), 16 gallons of ammoiuacal liquor, 
2 gallons of benzole and 14 cwt of coke Many 
other by products such as ammonium sulphate, 
naphthalene, anthracene, pitch, sulphur, ben 
zene, toluene, phenol, etc , are finally obtained 
The yields ofthe various gaseous products during 
the carbonisation were summarised by E V. 
Evans (Royal Society of Arts, Cantor Lecture^, 
1924), who advocated the use of thermal models 
such as that shown in Fig 2 to show the changes 
in thermal yield and composition of the gas as 
the carbonisation proceeded 

In the process of high temperature carboni 
sation it is essential that the secondary decom 
position should not result in what is termed over 
cracking If methane is decomposed to carbon 
and hydrogen a 56% thermal loss is experienced, 
since 1 cu ft of methane has a calorific value 
of 997 B Th U and 2 cu ft of hydrogen have a 
calorific value of 638 B Th U Any decom 
position reaction resulting in carbon formation 
will result in a loss of heat and gaseous therms 
The tar and gas should be cracked down to the 
simpler hydrocarbons but not beyond them to 
carbon The optimum amount of cracking will 
be indicated by a maximum of hjdrocarbons 
m the gas Pexton (Ic) has shown that a figure 
which he calls the “ hydrocarbon enrichment 
value can be used to assess the cracking con 
ditions in various carbonising plant This value 
( ‘ E ) is discussed in detail below [cf “ Yield 
of Gas and By products,’ p 46Sd) but it maj’ be 
stated here that an increase in the value of 
“ E indicates a closer approach to the best 
cracking conditions E 1 can be calculated 
from the calorific value, the volume of gas made 
per ton of coal and the concentration of inerts ’’ 
in the gas, three simple factors whteh are easily 
determined experimentally In general, the 
values of * E for gas from horizontal retorts 
are higher than those for gas from continuous or 
intermittent vertical retorts, a fact which shows 
the value of the cracking zone at the crown of 
the horizontal retort Tho optimum cracking 
conditions in high temperature carbonisation can 
often be obtained in practice by varying a 
number of factors Temperature appears to be 
the most important of these, but variations m 
the size of the charge m horizontal retorts can 
alter considerably the cracking space and tho 
time that the gases are in the cracking zone 
Tho tj pe and size of the coal, tho ash in the coal, 
the pressure in the retorts, the amount of steam 
ing and diluent gases the presence of more than 
one ascension pipe, the evenness of the charge 
in horizontal retorts, and the method of heating 
and the uniform movement of coal in continuous 
vertical retorts will all affect the attainment of 
optimum cracking conditions The blending of 
coking with non coking coals or breeze to obtain 
better cokes or cokes from non coking materials 
will also affect the jnelds ofthe various products 
It would appear that a little over cracking 
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always occurs at some stages of coal carboni- 
sation as a layer of “ retort carbon ” or ‘‘ scurf" 
gradually builds up on the trails of the retort. 
A thin layer of this carbon is useful in sealing 
cracks in the retorts but, from time to time, the 
retorts hare to be left open to the air in order to 


bam off a little of this carbon. This process is 
knotm as “ scarfing the retorts." 

The following table (Table VII) gives typical 
analyses of the major constituents and hydro- 
carbons present in some different types of coal 



Table VII. 

Mixed Durham 
coal in 

continuous Mixed Durham 

Mixed Durham 
coal in 

Mixed Dnrham 
coal in 


vertical 

coal in 

horizontal 

intermittent 

Gw from 

retorts 

horizontal 

retorts and 

vertical 

(steamed). 

retorts. 

coke ovens. 

retorts. 

Combustion chamber tempera- 
tures °C. (approx.) 

1,370 

1,330 

1,360 

1,310 

C.V. of gas. B.Th.U. per cn. ft.. 

520 

567 

536 

508 

Tar yield (gallons per ton) . 

S-6 

10-2 

9-7 

11-8 

Carbonising period (boars) . 

— 

10 

10-3 (retorts) 

13 

Hvdrocarbon enrichment value. 

31-9 

37-2 

21-8 (ovens) 
34-S 

35-5 

Per cent, coke oven gas 

— 

— 

26 

— 

Ccustltcgnt, 

Gas Asaltsis. 

Volume percent, of dry gas. 

1 . 2 . 

3. 

4. 

Carbon dioxide 

1-S 

2-1 

1-1 

1-6 

Oxvgen 

05 

0-6 

0-3 

0-0 

Carbon mouoxid" .... 

9-1 

6-S 

7-4 

13-S 

Hvdrogen 

55*4 

49-4 

53-9 

52-8 

Methane 

23-1 

27-6 

25-S 

20-5 

Ethane 

0-86S 

0-S83 

0-630 

0-963 

Propan » 

0-077 

0-110 

0-054 

0-157 

Other saturated substances boil- 
ing: 

Below 2° 

0-117 

0*029 

0-006 

0-028 

From 2 to 25° .... 

0-017 

0-003 

0-002 

0-002 

Above 25° 

0-152 

0-030 

0-013 

0-10S 

Total saturated substances . 

24-3 

28-7 

26-5 

21-7 

Acetvlene 

0-072 

0-022 

O-OSO 

0-014 

Ethvlene 

1-259 

2-3S4 

1-914 

1-528 

Propvleue 

0-166 

0-273 

0-144 

0-229 

Other unsaturated substances 
boiling : 

Below 2° 

0-077 

0-061 

0-030 

0-087 

From 2 to 25° .... 

0-018 

0-006 

0-014 

0-007 

Above 25° 

0-149 

0-106 

0-069 

0-115 


0-422 

0-758 

0-748 

0-572 

Toluene 

0-171 

0-167 

0-110 

0-142 

Xvlenes 

0-017 

0-028 

0-034 

0-072 

Total CnHm 

2-4 

3-8 

3-1 

2-8 

Xitrogen (by difference) 

6*5 

S-6 

7*7 

7*3 


100-0 

100-0 

100-0 

100-0 


CosDESSATiorz of the Hot Gas. — The com- 
bined streams from all the collecting mains of 
the retort setting unite in a trank main termed 
the “ foul ” main, by which they are conveyed 
from the retort house to the condensing plant 
proper, the combined stream having at this point 
a temperature of 50-60° and stSl containing 
much suspended tar fog, amounting in some cases 
to as much as one-thrrd of the total tar pro- 
dnction. 

The coo ling of the gases to approximately 
atmospheric temperature is effected by means 


of either atmospheric condenser s or water- 
cooled condensers. Although types of the 
former differ in external appearance, the 
arrangement is in all cases such that the gas is 
•passed slowly through apparatus exposing a 
larae surface to the air, whereby’ the sensible 
heat of the gases and the latent heat of the 
vapours is given up to the’ air passing over the 
surface. In the water-cooled condensers water 
is employed as the cooling medium in place of 
air. This type of condenser requires a much 
: smaller coo! ing surface than the atmospheric 
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type, and the temperature to which the gas is expanded into fixed tube plates, and crossing 
cooled can be more readily regulated by con over at the bottom, passes up to the outlet 
trolling the flow of water, provided a sufficient through similar nests of tubes on the other side 
supply of cold water is always available of a central division plate The water flows in 

Fig 10 shows the general arrangement of a senes through all the nests of tubes in general 
horizontal atmospheric pipe condenser, the direction counter current to the gas and passes 
manner of working being readily apparent from from one nest to tbe next by way of suitably 
the diagram A modem horizontal water tube shaped header plates Two such units are fre 
or battery condenser is shown in Fig 11 This qnently used m series and connections are pro 
type may be taken as representative of modem vided which enable the installation as a whole 
practice The gas enters at the top and flows to be reversed with regard both to gas and to 
down one side of the vertical chamber through water flow This type i9 capable of higher ga9 
nests of nearly horizontal steel tubes which are and water velocities than an older design in 


/ 



Flo 10 — Atmospiiebio Condenser 


ch the tubes are placed vertically IT Holl lisation of naphthalene To avoid this it is 
and S Pcxton (Trans Inst Gas Eng 1929- convenient to arrange the connections and 
JO, 79, 257) have shown that a battery condenser valves in such a manner that tho inlet and outlet 
such ns the one described, and in which the gas can be reversed The end previously cold then 
and water velocities are 4 5 ft per sec and 0 18 receives the hot gas and tho thick tar becomes 
ft per sec respectively, requires a cooling surface fluid and flows to the tar well, bo that by periodic 
which is only half that required for the same reversals of tho stream blockages from this 
duty in a lertieal water tube condenser where cause can bo largely avoided 
gas and water velocities are 1 36 ft per 6ec In the early days of gas manufacture tho 
and 0 025 ft per sec respectively only point considered u as the simple cooling 

W hen high carbonising temperatures are em of the gas It was soon found however, that 
-ployed especially with certain classes of coal the manner in which the cooling takes place, 
tho tar separating in the cold end of the con e g the rate at which the gas is cooled and the 
j denser is apt to become semi solid from cry stal degree of contact between condensed tar and gas. 
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has a material effect upon tie distribution of mum quantity of naphthalene and other high- 
naphthalene and light oils such as benzole, boiling substances. The importance of the 
between the gaseous and liquid phases. This removal of naphthalene arises from the fact that 
distribution is also affected by the temperature it is a solid at ordinary temperatures and if not 
to which the tar is cooled when in contact with removed is liable to be* deposited in crystals at a 
the gas. The object aimed at in condensation later stage. These difficulties are largely due to 
is not only to cool the gas, but to carry out the the existence of naphthalene in a state of super- 
cooling in such a manner as to remove the man- saturation in the gas and may be accentuated 
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by bringing tar containing a high concentration sation of the tar and liquor should receive 
of naphthalene into contact with gas having a detailed consideration for, as has^ been shown 
low concentration. The removal of naphthalene by H. Hollings and TV. K. Hutchison (J- Inst, 
from gas is generally facilitated by rapidly cool- Fuel, 1935, 8, 360), the efficiency of any one 
ing, but it is the usual practice to-day to adopt of the primary purification processes is very 
some more positive oil-washing process for the largely dependent upon the efficiency of the one 
removal of the last traces of naphthalene. preceding it. The amount of hydrogen sulphide 

The process of gas cooling and the conden- to he removed from the gas depends upon the 
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amount previously removed by the aqueous 
ammonia liquors, and the efficiency of the 
ammonia washing plant depends in a marked 
degree upon the temperature of the gas passing 
through it and upon the degree of freedom from 
tar and naphthalene deposits The tempera 
ture and the tar and naphthalene contents of the 
gas depend in turn npon the efficiency of the 
condensers 

The amount of water required to cool, gas 
depends upon the temperature of the water, the 
area of the cooling surface and the rate of heat 
transmission across the cooling surface The 
rate of heat transmission varies with the 
velocities of the gas and water, the viscosity of 
the tar condensed and the state of cleanliness of 
the metal surfaces on both the gas and water 
sides Fig 12 shows the relationship between 
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the area of cooling surface of a modem con 
denser with horizontal water tubes and the 
requirements for cooling saturated gas 
the temperatures stated to 60 8 F , using 
' j water at 55°F 

Investigations on the establishment of a 
method for the evaluation of the area of cooling 
surface required under any predetermined con 
ditions of velocities and temperatures of gas 
and water have been described by II Hollings 
and W K. Hutchison (1 c ) It has frequently 
been the practice in the past to start from the 
hypothesis that the quantity of heat transferred 
across unit area of cooling surface is propor 
k tional to the difference in temperature between 
fa \ the gas and tho cold surface The proportion- 
j abty factor, in suitable units, is the heat-transfer 
coefficient, and attempts are generally made to 


relate this transfer coefficient to conditions in the 
gas, such as temperature, velocity and degree of 
saturation In a condenser the temperature of 
the surface of the tubes cannot be readily deter 
mined directly, and results are then given m the 
form of an overall coefficient, which includes the 
coefficient for transfer of heat from the tube to 
the water and is based on the overall tempera 
ture difference between gas and water This 
procedure may be justified in a well designed 
unit with a low resistance to heat transfer on 
the water side as compared with resistance on 
the gas side, so that the temperature of the tnbe 
approximates to that of the water flowing in it 
The resistance to heat transfer on the water 
side is not always negbgible, however, nor is it 
a constant proportion of the total If the rate of 
heat transfer in a condenser is related not to the 
difference in temperature between the mam 
body of the gas and the cooling surface, but to 
the difference between the partial pressure of 
water vapour in the gas and the vapour pressure 
of condensed water on the cooling surface, a 
coefficient is obtained which remains nearly con 
etant over a wide temperature range Results 
interpreted on the basis previously referred to 
give heat transfer coefficients which increase 
rather rapidly with rise in the temperature of 
the gas (cf Cooper, Trans World Power Conf 
Fuel Conf 1928, 2, 387) 

The common sources of water available for 
use in the condensers are river or canal water, 
town’s or well water, gas holder tank water and 
the water used m the boilers for steam raising 
The circulation of gas condenser water through 
cooling towers does not represent general 
practice , but it appears to be worthy of con 
sideration River or canal water is frequently 
too warm to ensure efficient condensation, par 
ticularly in the summer and m those cases where 
the river or canal is sluggish and is used for con 
densing exhaust steam from turbines The 
water from a gas holder tank can be used only 
under certain limited conditions Town’s water 
and well water are normally below 60°F and 
wi Vi/ii ’tvzy wkAtiWa, ‘JuT/ugu ttrfc tft 

which they should be used depends on costs 
It is often advantageous to use water from two 
sources, subjecting the gas to a preliminary 
cooling by means of water from one of the 
cheaper but less efficient sources indicated above, 
and then finally cooling with well or town's 
water which may be subsequently used in the 
boilers Its use in the condensers entails no cost 
apart from water connections It has been sug 
gested that the reason why this system is not 
more commonly used is the nsk of contaminating 
the boiler feed water with tar or ammonia 
through leakage of the condenser tubes There 
is no ground for this objection, provided that 
the pipe which carries the water from the con 
densers to the boiler feed tank is vented to air at 
a point sufficiently well above the top of the 
condenser to ensure that a greater hydrostatic 
pressure may be maintained in the uppermost 
water tubes of the condenser than in the gas 
space surrounding the water tubes It must not 
be overlooked that the dissipation of heat in the 
condensers represents a thermal loss in the 
carbonisation process 
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Daring the -whole of the condensation, in- 
cluding that occurring in the retort house, there 
separates from the gas 9-15 gallons of tar per 
ton of coal (varying with the coal and the con- 
ditions of carbonisation) together with 10-15 
gallons of ammonia cal Iiqnor. These both flow 
together to the well or wells, to which any tar 
and liquor from the subsequent apparatus also 
gravitate. The condensed, water removes a 
large proportion of the ammonia from the erode 
gas — usually about half of the 409-450 grains 
per 100 cu. ft. contained in the gas iss uing from 
the retorts. The ammonia solution also extracts 
the whole of the hydrochloric acid in the gas 


COAL. 

derived from chlorine in the coal — and some of 
the carbon dioxide, hydrogen sulphide and 
hydrocyanic add. The Honor obtained in con- 
densation is termed “ virgin Hquor,” that por- 
tion formed in the retort house being nsuallv, 
though not invariably, weak and containing 
from. 0-5 to 1-5% of ammonia, whilst that from 
the condensers is more concentrated and mav 
contain 4% or more. The cooled gas mostly 
contains some 200 grains of ammonia and 50- 
109 grains of hydrocyanic add per 100 cu. ft., 
some 1-2% of hydrogen sulphide and 1-3% of 
carbon dioxide. In addition, there is also an 
appreciable amount of tar fog, which has not 




been removed from the gas in its passage 
through the condensers and which, if not pre- 
viously extracted, is deposited in the subsequent 
purifying apparatus, rendering them much less 
efficient. 

Exhattstess. — The gas pump or exhauster 
Has been an essential piece of gas-works plant 
ever since the days when the industry changed 
from the cast iron to the fireclay retort. It is 
called upon to exhaust the crude gas from the 
retort house at a suction of 4—10 in. water gauge, 
and to drive the gas through the subsequent 
series of purification plant and ultimately to 
raise the gas-holder bell, which necessitates a 
back pressure of 2-5-60 in. water gauge. 


The tvpes of machin e which are now used for 
fhb purpose are : 

(1) Slow speed rotary. 

(2) Turbo. 

The slow speed rotary machines take one of two 
forms. The first is* the Beale type or later 
developments of it, as shown in Tigs. 13 and 14. 
These machines operate at approximately 69-70 
revolutions per minute. The second type of 
rotarv machine is a development of the Boots 
blower, consisting of two double lobe impellers. 
TTiig tvpe of exhauster, which in its modem 
development is the ConnersviDe, is shown in 
Tlx. 15. The speed varies between 150 and 350 
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FlO 15 — CONNERSVILLE GAS EXHAUSTER 


mentary exhausters are usually of the 
fan type, capable of giving a differential 
pressure of 20 in of water gauge 
Extraction of Tar Foo — To 
eliminate the remaining tar fog from 
the cooled gas, many mechanical 
devices have been evolved, based on 
impingement of the gas upon surfaces 
or on centrifugal action A common 
method in English works is to com 
bme the removal of the tar fog with 
the removal of the last traces of 
ammonia, m an apparatus which 
breaks the gas up into a number of 
fine streams which are bubbled through 
ammoniacal liquor This serves the 
double purpose of removing tar fog 
and of strengthening the weak liquor 
which is fed into the apparatus An 
efficient apparatus of this type is the 
ki’WSft.y TVWi feflX, Mft fesArasft 

of which is shown in Fig 17 This 
washer consists of a parallel senes of 
troughs arranged m a cast iron rect 
angular vessel, the lower portions of 
which are perforated with holes in 
m diameter, as shown, this portion 
being sealed in ammoniacal liquor 
The gas entenng at the top passes 
down between the troughs and forces 
some of the liquor through the holes 
into the interior of the troughs, thus 
unsealing the holes, through which the 
gas then bubbles, as well as through 
the second perforated plate across the 
width of the trough The liquor in 
the trough is broken up into foam and 
effects the removal of the tar fog and 
also ammonia, the washed gas passing 
away through the open end of the 
trough to the gas outlet With 


revolutions per minute according to size In 
larger installations at the present time the pre 
ference is now being given to the high speed 
turbo exhauster of the Rateau type which 
operates at several thousand revolutions per 
minute There is also the further type of turbo 
machine with star shaped impeller running at 
8 000-10,000 revolutions per minute (Fig 16) 
The advantage of Uib two last types is that in 
addition to acting as gas pumps they also act as 
very efficient tar extractors 
The position of the exhauster is entirely 
arbitrary, but it is normally found in sequence 
between the condensing and washing plant, but 
it can be placed prior to the gas condensers and 
immediate!} upon the outlet of the retort houses 
In any case the plant has to be equipped with 
delicate governing arrangements to take account 
of the varying flow of gas and to maintain con 
stant suction The normal power for driving is 
steam on account of the improved reliability in 
operation obtained thereby, but electricity can 
be and has been used as a motive pouer On 
the largest gas works the addition m recent } ears 
of a number of refinements m the purification 
process has so increased the back pressure against 
which the exhausters have to pump that supple 
mentary exhausters placed after the oxide 
purifiers have been installed These supple 
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proper working the amount of tar fog can he 
reduced to below 10 grains per 100 cruft. 

The procedure which has been adopted by the 
gas industry in the past has been largely deter- 
mined by the fact that tar will not adhere effec- 
tively to baSing surfaces unless the temperature 
of the gas is reduced to the region of IOCrF. 
Cooling of the gas to this temperature is thus 
essential in order to effect an efficient tar-separa- 
tion by mechanical means. The electrical preci- 
pitation of tar is receiving considerable atten- 
tion. and it has been shown that Cottrell’s pro- 
cess may he applied to the removal of tar fog 
from coal gas at all temperatures trp to 160'F.. 
the maximum temperature of the gas at the out- 
let of the hydraulic main. Fig. IS shows a 
precipitator of this type as used in a gasworks. 

Aanrovis. Rtcovebt. — To complete the re- 
moval of the ammonia the gas is now washed 
with water or weak ammoniaca 1 liquor. One of 


the oldest forms of apparatus for the purpose was 
the tower scrubber, in which the gas passed 
counter-current to a stream of water in a tower 
filled with coke, wooden boards on edse or 
other material which would give a large surface 
area. In place of these towers rotary washers 
are now largely employed- Several efficient 
types are in use. one of which, the Kirkham 
washer, consists of a horizontal cylindrical vessel, 
divided internally into compartments by vertical 
plates which have openings, where necessary, to 
allow passage of the gas. In each compartment 
is a disc keyed to the central revolving shaft. 
This disc, with the exception of the central por- 
tion, is fitted with bundles of thin wooden 
boards or sheet-iron plates, fixed together in 
such a manner as to allow free passage of the gas 
over their surface.' The gas, in traversing the 
apparatus, passes over this surface, which is kept 
wetted by revolving throngh the liquor in the 



bottom of each compartment, and effects the 
removal of the ammonia. The Holmes washer 
(Fin. 19}. which is largely in use, resembles the 
foreuoing in main outline, but special brushes 
are used to form the necessary washing surface 
(cf. alia Assosfuos). 

It is now r ealis ed, that important economies 
can be effected by reducing the quantity of 
water used. The use of weak liquor as the 
scrubbkix medium, to the partial or complete 
elimination of water, is dependent upon efficient 
cooling of the gas and upon the provision of 
washers of adequate capacity. In some cases, 
nevertheless, the total capital charges in respect 
of any necessary additions to condensing and 
washfris plant may be more than offset by the 
visible economies resulting from the production 
of a strtraser liquor, without any reference to the 
other advantages associated with the use of 
efficient cooling plant. 


A suitable medium for the replacement of 
water may be obtained by fractional conden- 
sation of the virgin liquor (Trans. Inst. Gas Eng. 
I927-2S, 495). The weak ammoniaca! liquor 
which condenses in the first part of the con- 
densers is not allowed to mix with the stronger 
liquor condensing further down, bnt is drawn 
off geparatelv. The strong fraction is passed to 
the strerns liquor tank and is not re-circulated, 
but the excess weak liquor is passed through a 
cooler and then to the washers. In order to 
obtain a strong liquor it is necessary to ensure 
that the temperature of both gas and liquor in. 
the pmm n Tii?. recover v plant is as low a* possible, 
and tb at the retort-house circulation system 
and condensers are so operated that the am- 
monia concentration in the gas entering the 
washers is also as low as possible. In the 
recoverv of ammonia liquor on the gasworks and 
[ its conversion to sulphate of ammonia there are 




Fia 18 — Cottrell Precipitator Diagrams 


the influence of the presence of carbon dioxide 
and of hydrogen sulphide in the system The 
ammonia and carbon dioxide vapour pressures 
of solutions of these two gases have been deter 
mined by S Pexton and E H M Badger 
(J S C.I 1938 57, 10G) at various temperatures 
W hen hydrogen sulphide is added to such solu 
tions it comb nes with half its equivalent of 
ammonia and the resulting hydrosulphide has 
no effect on the vapour pressures due to the 
remaining ammonia and carbon dioxide The 
vapour pressures of aqueous solutions of am 
moma and carbon dioxide are increased by the 


addition of ammonium chloride The virgin 
liquor condensed from horizontal retort gas con 
tains less carbon dioxide than does that from 
vertical retort gas Because of this deficiency 
of carbon dioxide, the virgin liquors obtained by 
the method of fractional condensation described 
above is a less efficient washing medium when 
derived from horizontal retort gas than those 
obtained from vertical retort gas This in 
fenonty may be rectified by the addition of a 
small quantitv of carbon dioxide to the liquor 
prior to its use m tho washer 
The process described above in which the gas 
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is cooled by passage threugb. condensers before 
scrubbing Girt the ammonia, is the only one in 
general use in the gas industry and is known as 
the indirect process. Two other methods of 
ammonia recovery — the direct and seni-direct 
processes — are in use in the coke-oven industry 
{r. Cons; ILlvctacttbs: a yd the Rzcoteet or 
BY-Pzonrcrs). In the direct process the gas 
is meed from tar fog and then passed directly to 
the saturator at a temperature of about 75'C. 
The semi-direct process consists essentially in 
cooling the gas below its dew-point (2S—L5 Z C.) 
and then re-heating to about 6C0 before passage 
into the saturators. It is claimed that the cool- 
ing is necessary for the satisfactory remora! of 
tar and the production of good quality sulphate 
of ammonia. The relative merits of these three 
methods of amm onia recovery have been con- 
sidered by the Ammonia Sub-Committee of the 
Institution of Gas Engineers (2nd and 3rd 
Reports, 1929, 1930}. The crpinion is expressed 
that there is little likelihood of any drastic change 
in present gas-works practice being adopted 
with economic success in the immediate future. 

In the event of either the semi-direct or the 


direct process being adopted by the gas industry, 
the chief difficulty would be that exis ting con- 
densing and recovery plant would have "to be 
scrapped and a completely new type of plant, 
involving fresh expenditure, be adopted. 

The development of the manufacture of con- 
centrated gas liquor and its treatment at central 
chemical works is described bv P. Parrish (Inst. 
Gas Engrs. 1939, Comm. No. 213). 

The disposal of waste effiuent-liquors from 
ammonia stills is a matter which requires close 
control and considerable attention has been 
given to the subject by the industry. A recent 
work by A. Key (Gas Worts Efauents and 
Ammonia, Institution of Gas Engineers, 193S) 
reviews 12 years’ systematic work. 

Hydsogzs- Sulphide Rehotajl. — The crude 
gas leaving the retorts contains hydrogen sul- 
phide in a quantity depending upon the sulphur 
content of the coal and the method and con- 
dition of carbonisation- With an average Dur- 
ham coal containing 1-5% of sulphur, carbonised 
under normal high-temperature conditions in 
horizontal retorts, the hydrogen sulphide con- 
tent of the gas entering the condensers will be 



between 550 and 6.50 grains per 109 cu. ft., i.e. 
about I % by volume. Of this some 10-15% is 
removed from the gas by combination with 
ammonia, about 500 grains of hydrogen sulphide 
per 100 cu. ft. remaining to be removed from the 
gas leaving the ammonia washing plant. Other 
imrrurities are also present, namely, 1-3-5% of 
carbon dioxide, together with smaller amounts 
of other impurities including I0-S0 grains of 
sulnhur per 100 cu. ft-, as organic sulphur com- 
pounds. chiefly carbon disulphide, and horn 
40 to SO grains of hydrogen cyanide. Of these 
the Lvdrogen sulphide must be removed to an 
extent wnfrfz is practically complete. Stringent 
statutorv provision is made to this effect in Acts 
of P arliam ent controlling gas undertakings. 
The carbon dioxide is not in itself deleterious, 
but was fo rmerly frequently removed owing to 
its adverse effect upon fEcnfnating power. The 
hvdrogen cyanide is extracted more or less com- 
pleter? d uring the removal of the hydrogen 
sulphide. 

It should, be noted that in A merican and Con- 
ff-e-vfg.T -practice the hydrogen sulphide con- 
centration is freuuently as low as 300 grains per 
cu. ft. Tf-~- fact- must be borne in mind when, 
comparing de signs of plant and costs of purifi- 


cation. On the other hand, gas obtained from 
other coals or by the low-temperature carboni- 
sation of coal may cont ain much h i gher con- 
centrations. 

The purift j ug material employed for the 
removal of hvdrogen sulphide is moist hydrated 
oxide of iron, the naturally occurring bog-iron- 
ore being nsed largely for the purpose. This con- 
tains a s uffi cient amount of fibrous organic 
matter to rends the mass porous and allow of 
the p as sage of the gas through it. Where 
arriSdaHv prepared ferric hydroxide is em- 
ploved, it is mixed with a filler such as saw-dust 
or wood chips, to give the required porosity. 

The material is charged in even layers into 
rectangular cast-iron or reinforced concrete 
vessels containing wooden grids to carry the 
oxide, the thickness and number of the layers 
varying according to the size of the purifier. 
In the older type of purifier the lid was rendered 
<res-iisht by’ the provision of vertical sides 
dropping into a water lute cast around the 
periphery of the purifier. So long as the pressure 
of the gas within the box does not exceed that 
eoual to the depth of the water seal no gas can 
escape. As, however, cases have occurred in 
which the gas has escaped through the seat the 
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present practice is the adoption of luteless lids 
which are bolted to the purifier and made gas 
tight by the insertion of a rubber joint between 
purifier and cover A modem purifier of this 
type is shown m Fig 20 

The purifying medium may be regarded as a 
mixture of ferrous and ferric hydroxides on 
which the hydrogen sulphide in the gas reacts 
in the following ways 

(1) Fe(OH) a +H t S— FeS+2H 2 0 

(2) 2Fe(0H) s +3H 2 S=Fe 2 S 3 +6H E 0. 

The reactions between the iron oxide mixture 
and the impurities in the gas will, in the absence 
of added alkali, gradually develop acid con 
ditions Such conditions retard the absorption 
of hydrogen sulphide and more especially 
hydrocyanic acid Moreover, a slight alkalinity 
considerably assists the absorption of both these 


substances It is usual, therefore, to admit a 
small quantity of ammonia to the boxes , up to 
4 grams of ammonia per 100 cu ft is usually 
sufficient Larger quantities affect the nature 
of the products derived from the hydrogen 
cyanide It is now recognised that moisture 
also plays an important part It H Clayton, 
H E Williams and H B Avery (Gas J 1931, 
196, 311) have found that air dried oxide is very 
inefficient as an absorber of hydrogen sulphide 
or hydrogen cyanide from coal gas and that 
moisture is essential for the reactions between 
these impurities and the oxide Conditions 
which favour the effective removal of hydrogen 
cyanide from the gas are ideal for the removal 
of hydrogen sulphide In several works in 
England it is now customary to remoisten the 
oxide in situ by opemng the box and spraying 
the oxide with water until a sufficient degree 



Fio 20 — Diagram of a Modern Purifier 


of humidity is reached This operation may be 
repeated several times before the box is emptied 
At other works wet steam is introduced for this j 
purpose 

When the mass has ceased to absorb hydrogen 
sulphide it may be removed from the purifier 
and spread out to give exposure to the air 
By this means the iron sulphides are oxidised, 
reforming hydroxides, with separation of free 
sulphur As soon as the revivification is com j 
plete thee mass can be returned to the purifier 
for the extraction of further amounts of hydro 
gen sulphide, this alternative process of fouling j 
and revivifying being continued until the mas3 
contains 50-70% of sulphur It may then be 
sold for its sulphur content being used chiefly 
for the manufacture of sulphuric acid 
As the crude gas entering the purifiers always 
contains Bome inherent oxygen, revivification 
takes place to some extent by thi3 means 


Nevertheless, reliance on this source of oxygen 
alone would necessitate frequent removal of the 
oxide mass from the box Under modern con 
ditions additional air is introduced into the 
purifiers with the gas, so that the life of the oxide 
in the box is increased and the number of changes 
for external revivification, and consequently the 
coat for labour, considerably reduced A limit 
to the amount of air added is fixed by the fact 
that excess oxygen and nitrogen remaining in 
the gas affect its quabty Also, if the excess 
of oxygen reaches a certain concentration, the 
separated sulphur may even fire in the purifiers 
and, apart from the damage caused in the box, 
the gas may bo contaminated with sulphur 
dioxide The temperature of the gas passing 
through the box should not fall below about 15°, 
since the action of the oxygen then becomes too 
slow 

The purifiers are usually worked in seta of 
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i 




Cost cf CrTr oxide : 

Per ton of new o aide 
per ten of sulphur 
Cost of disposal cf spent 
oxide: 

Per ton of spent onids . 
Per ten of sulphur . . 

Total oxide charges : 

Per ton cf sulphur . . 

Per 1,000 cn. ft. of gas . 
Process charges (maxing 
oxide) ...... 

£ nperrision and mainten- 
ance cf ponders and 
bondings 

Total operating charges . . 

Credit for spent raids : 

Per tan cf sulphur . . 

Per 1,COO co. ft. cf gas . 

5et operating charges . . 

Capital (5 A on £5,100 per 
million co. ft. per maxi- 
da y, 250 maximum 
cays per gear) . . . 


The use of towers in preference to tie cus- 
toms ry horizontal purification-boxes is being 
adopted in Germany and also in ibis country. 
The main objectives are minimum space require- 
ments, rriTnfmnTn excavation, ease of operation 
and control, minimum labour in charging the 
purifying material in a single shirr, minimum 
eo uip ment and inst alla tion costs and mrnfmnm 
operating expense with even distribution of 
labour throughout the year. A description, of a 
plant of this type has been given by G. 1L 
Croft (Inst. Gas. Eng., Comm. Ao. 212, 1939). 

Although a considerable amount of attention 
has been devoted with varying degrees of success 
to new methods of gas purification, using both 
wet and dry reagents, the oxide of iron method 
is still the’ method in general use. The high 
extraction efficiency required in this country is 
reaoilv attainable at a cost which has defied 
attempts to supersede it. In other countries 
other ’purification processes are also in opera- 
tion. 

Tr> the Hoppers Iron Sulphur Process the gas 
is brought into contact with a suspension of iron 
hvdroxide in sodium carbonate solution. The 
suspension is then subjected to the action of 
atomised zir which revivifies the purifying 
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medium and liberates free sulphur In a inodifi 
cation of this process the iron hydroxide is 
replaced by a soluble nickel salt 
Tho Petit process of liquid purification uses 
potassium carbonate to remove hydrogen sul 
phide In regenerating the fouled liquor, carbon 
dioxide is introduced whereby tho hydrogen sul 
plnde is expelled , bicarbonate is then converted 
to carbonate by heating, tho earbon dioxide 
being recovered Tho expelled hydrogen sul 
phido is absorbed m iron oxide from which the 
sulphur is recovered after revivification with 
air 

Tho removal of the organic sulphur compounds 
from tho gas presents much greater difficulties 
than does that of hydrogen sulphide Con 
Biderablo attention is now being devoted to the 
elimination of these orgamo compounds and 
recent researches have made possible a con 
siderablc reduction in the sulphur content duo 
to these substances Before discussing the 
matter in detail, how over, it is desirahlo to con 
sidcr the removal of naphthalene and of benzole 
from gas with which latter operation tho ehmi 
nation of sulphur compounds is closely connected 
Nathtiialenr Removal — Srention has al 
ready been made of the difficulty which can arise 
from blockages both in tho plant and mams on 
tho works and on the mains and services in the 
district of supply, from tho deposition of solid 
naphthalcno from the gas In tho early dajs 
of tho industry, when lower carbonisation tem 
peraturcs were employed, no difficulty was 
experienced in this respect, as, although con 
Biddable amounts of naphthalene w cro even then 
present in tho hot gas, tho amount of other tar 
constituents boiling at tho same or a lower 
temperature than naphthalene was sufficient to 
effect a nracticalty completo washing out of tho 
naphthaleno from tho gas in the ordinary process 
of condensation As carbonising temperatures 
increased, trouble from naphthalene became 
more and more noticeable, nt first only where 
coals from tho Durham coal field were carbonised, 
but eventually, with still higher carbonising 
temperatures, from all classes of coal, and very 
serious nuisance from naphthalene stoppages 
took place, both manufacturers and consumers 
being affected 

The difficult} arises from tho fact already dis 
cussed, that increased carbonising temperatures, 
particularly when there is also a considerable free 
spaco abo\ c tho coal in tho retort, effect an in 
crease in the production of naphthalene and a 
decrease m tho production of lower* boiling tar 
oils Tho proportion of tho latter is then in 
sufficient to effect Dio completo washing out of 
tho naphthalcno from tho gas at the cold end 
of tho condenser, and the gas may, therefore, 
lea\e the latter almost saturated with naphtha 
lene vapour at tho temperature of tho condenser 
outlet, such gas then becoming supersaturated 
on further cooling in tho works or district of 
eupplj , and then under favourable conditions 
depositing solid naphthalene, mostly m the 
form of very bulky flak} cty stats, a very small 
weight of which is capable of causing a serious 
blockage 

Two methods of treatment may be employed 
the one consisting in washing the gas with suit 


able naphthalene solvents and tho second in 
adding to the gas the vapours of certain hquids 
which dissolve naphthalene The method nor 
mally employed in this country consists in 
scrubbing tho gas with oil in a washer of the type 
used for ammonia rccov erj The oil may bo the 
creosote or green oil fraction of coal tar, boiling 
nt 270-350°, or petroleum gas oil maj bo used 
A number of other soU ent oils have also received 
attention Tho removal of naphthalene is fre 
quentty undertaken simultaneously with benzole 
extraction on those works at which tho latter 
operation is carried out 

Extraction of Benzole — Tho recovery of 
benzole which has long been practised by tho 
coking industry, exerts a marked influence on 
production figures bccauso it derives benzole not 
only from tho by product tar but also from the 
gas, which contains 20-30 times as much benzole 
per ton of coal as does the tar So long as tho gas 
industry on tho other hand was selling on a 
luminosity basis, gas from this latter source 
could not bo exploited for tho production of ben 
zoic The abnormal conditions caused bj the 
war (1914-15), however, followed in 1920 by the 
removal of tho restrictions on tho illuminating 
power of tho gas, created a different position 
Even so, the relatively high value of benzole in 
gaseous form may still militate against its 
recovery, except under specialty favourable con 
ditions These depend on a number of factors 
which have been considered in detail bj H 
Rollings (Trans It orld Power Conference, 1930, 
2,63) 

The recovery of benzole at gasworks by means 
of oil waslung became general in this country 
during tho war (1914-18) and reached a peak in 
1917 At tho end of the war production fell 
agnin but has recently increased ns the result 
of tho fiscal enactments, already described 
(p. 435), designed to encourage the production of 
spirit from indigenous materials This policy 
has resulted in a considerable development of 
benzole extraction from gas on tho gasworks, 
tho quantity of Bpmt so produced being csti 
mated at between 10 and 11 million gallons in 
1934 (A K Steel, J Inst Petroleum Tech , 1935, 
21, 450) The number of gas undertakings 
responsible for tins production — some 20% of 
tho count rj a total production — was then 
about 90 

Similar results from protective measures can 
bo seen in other countries where a falling off in 
imports is being accompanied by an increase in 
the quantity produced internal!} 

Benzolo finds a ready Balo as a motor fuel, for 
which purpose it has valuable properties In 
addition some 30-40 million gallons per annum 
or 15-20% of tho world a production, is used for 
industrial purposes Tho continued growth of 
tho automobile industry should ensure a ready 
outlet for considerably larger quantities, as the 
present consumption forms only a small per 
ccntago of the total consumption of motor spint 
44 G Adam and G W Anderson (Trans Chem 
Eng Congr , 44 orld Tower Conf 1930, C 7) 
state that thi3 percentage ranges from a mini 
mum of 0 6 0 o in tho United States to a maximum 
of about 10% in German} 

Reference is made in this section to those 
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aspects of benzole production which have par- 
ticular reference to its recovery from coal cas 
on the gas-works. Standard methods adopted 
for the recovery of crude benzole from coke oven 
gas by the coking industry are also emploved 
by the gas industry (r. Coes Majcctacttbe ±:;n 
Rr coyest or Br-PEODrcrs}. 

The well-established method for the recovery 
of benzole from coal gas, known as the oil-washing 
process, has a number of definite advantages 
when considered from the viewpoint of the gas- 
works and, in fact, it was until recently the only 
method employed. The process consists essen- 
tially in scrubbing the gas in a washer containing 
gas oil or other suitable oil. The washing oil 
used, whether it be creosote oil or uas oD, is 
usually readily obtainable and there is a ready 
means of disposal of the spent oils in each case. 
The former can be run to the tar tanks, whilst the 
latter may be disposed of in the carburetted 
water-gas plant. Another advantage of the oil- 
washing process in comparison with the adsorp- 
tion process described below is the comparative 
ease with which the removal of benzole may be 
combined with the removal of naphthalene. In 
fact the two operations can be carried out in a 
single washer. In many cases it is considered 
essential to install an ofi washer for the removal 
of naphthalene, irrespective of whether benzole 
is removed or not. In such circumstances the 
process of benzole removal is obviously free 
from the capital charge in respect of the 
washer and has to bear only the capital charge 
of the oil circulation and distillation system. 

It is desirable to use separate washers for 
naphthalene removal and benzole recovery, 
when complete freedom from naphthalene in the 
gas is desired- In such cases, if the naphthalene 
washer is placed after the benzole washer, 
advantage may be taken of the increase in 
absorptive capacity and reduction in viscosity of 
the wash-oil in the benzole scrubber, caused by 
the presence of naphthalene in solution in the oil 
(Beport Benzole Research Committee, 1923, 151). 
The oil fed to the naphthalene washer should be 
quite free from naphthalene; this presents no 
difficulty if gas oil is used for carburetting in the 
water-gas plant. There appears to be no objec- 
tion to the use of oil from the naphthalene 
scrubber for making up losses in the benzole 
scrubber, provided the same type of oil is used 
in both. 

The type of washer used has an important 
bearing upon process eSciency. The multi-bay 
horizontal rotary washer is popu l ar in the gas 
industry, because of its low back-pressure and 
ease of control but, as shown by L. Silver (Gas J., 
1934, 205, 372), it is unsuitable where a high ex- 
traction- and process-efficiency is desired, owing 
to the impossibility of maintaining the necessary 
fiigh rate of circulation of the washing medium, 
which is of the order of 60-90 gallons of gas oil 
per 10,000 cu. ft. of gas. Its use is, therefore, 
limited to the partial extraction of benzole from 
gas, A washer free from this drawback is the 
multi-stage static washer, which consists 
essentially of a series of tower scrubbers and so 
possesses features similar to these. It approaches 
more closely to the ideal of counter-current flow 
and provides the required contact between gas 
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and ■washing oil- Low initial cost and low back- 
pressure are additional advantages. The results 
of a comprehensive survey of the absorptive 
capacities of oils which have been used or pro- 
posed for benzole recovery are su mma rised bv 
IV. H. Hoffert and G. Claxton (Inst. Gas Eng. 
Comm. 1930, Xo. 8) in a discussion on benzole 
recovery with particular reference to gasworks 
practice. 

The ability of certain specially prepared char- 
coals to adsorb gases and vapours has Ions been 
known, but it was not until recent years that 
this property has been utilised on a large scale 
for the extraction of benzole from coal gas (v. 
\ ok EH, 271—276). In 1916 the Bayer Com- 
pany of Germany patented (G.P. 310092) a 
benzole-recovery process employing activated 
charcoal. Since that date considerable interest 
has been displayed in this alternative method 
for the recovery of benzole and large-scale plant 
I are now in operation. One of these installations, 

I at the Beckton Works of the Gas Light and Coke 
Company, has a daily capacity of 70-75 million 
; cu. ft. of coal gas and an output of 20,000 gallons 
of benzole. Operating efficiency is 92-5% (cf. 
H. Hollins- and S. Hav, Chem. and Ind. 1934, 
53, 143). ~ 

The eSciency of the oil-washing process, 
which is still the more popular, has increased 
appreciably as the result of competition from the 
active-carbon process. The quality of the ben- 
zole produced, and also the consumption of 
steam, have improved so that the difference 
between the two processes is not now so marked 
as it was when the active-carbon process was 
first introduced. The production of "benzole 
from coal gas has been comprehensively dealt 
with by W. H. Hoffert and G. Claxton (“ Motor 
Benzole,” Xational Benzole Association, 1938). 

The quality of the crude benzole derived from 
coal gas depends largely upon the conditions of 
carbonisation {cf. W. A- Voss, J.S.CJ. 1930, 49, 
343T.). In general, when the products of car- 
bonisation escape from the gas retort or oven 
without having been submitted to secondary 
thermal decomposition, the crude benzole re- 
covered contains a relatively high proportion 
of paraffins and also of unsaturated hydro- 
carbons. For example, benzole from gas made 
in a iizhtlv filled horizontal retort contains less 
unsaturated and paraffinic substances than does . 
that recovered from gas made in continuously 
operated vertical retorts or in completely filled 
intermittently operated retorts. • 

Eehotax, of Gegxsic StTLPHxrB-CoJrpouxps. 

— The increased efficiency of benzole extraction 
in the gas industry during recent years has had a 
marked effect- upon the sulphur content of the 
gas distributed. Reduction of the organic sul- 
phur content of town’s gas to a minimum is 
desirable in many ways, notably in reducing 
corrosion of heating appliances, in enabling flue- 
less heaters to be more generally u=ed_ without 
nuisance from the odour of sulphur oxides, and 
in improving furnace atmospheres in the heat 
treatment and, more particularly, the bright 
annealing of metals. Several processes, whereby 
the sulphur content can be reduced to 10 grains 
per 100 cu. ft., have been tested in large-scale 
operation- 
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The process of the South Metropolitan Gas 
Company consists in passing the gas at 450° 
over a catalyst of nickel on porous fire clay 
(e/ E V Evans, J.S Cl 1916, 34, 9) Under 
these conditions the carbon disulphide reacts 
with hydrogen in the gas, yielding hydrogen 
sulphide and carbon, 

CS.+2H s =2H*S+C 

In carrying out the process the gas freed from 
hydrogen sulphide passes first through a tubular 
heat exchanger, where it is heated by the hot 
gas coming from the catalysing tubes, and thence 
to a heated chamber m which are assembled the 
vertical C in tubes filled with the catalyst, mam 
tamed at 429-440° The treated gas passes 
through the heat exchanger, giving up a large 
portion of its heat to the incoming cold gas, and 
thence, after cooling, to oxide of iron purifiers 
for the removal of the hydrogen sulphide Apart 
from the conversion of the carbon disulphide 
and the decomposition of a small amount of 
hydrogen cyanide to ammonia, no material change 
takes place in the gas The carbon deposited 
during the reaction accumulates on the catalyst 
and is periodically removed by burning under 
controlled conditions in a stream of air 
The active carbon process removes about 75% 
of the total sulphur compounds Methods for 
their separation from the benzole are given in 
detail by W G Adam and G W Anderson (l c.) 

The normal oil washing process removes only 
about half the above quantity of sulphur A 
modified method has, however, been described 
by W K Hutchison (Inst Gas Eng 1937, 
Comm No 175, cf BP 443094), whereby the 
sulphur content of the gas should be economically 
reducible to less than 10 grams per cu ft. In 
this process more than the normal quantity of 
oil is circulated, but it is distilled under reduced 
pressure to minimise steam consumption 
A catalytic process for the removal of the 
organic sulphur compounds which is capable of 
reducing the sulphur content to 4 grains per 
100 cu ft is described by R H Griffith (Inst 
Gas Eng 1937, Comm Iso 175) It is expected 
that gas treated by this catalytic process 
followed by active charcoal treatment for the 
recovery of benzole, will have & sulphur content 
which may be below 1 grain per 100 cu ft 
A catalyst consisting of nickel deposited on 
white china clay is employed The catalyst 
used appears to differ in two respects from that 
employed in the South Metropolitan process 
The latter was (a) prepared from nickel chloride 
by the action of coal gas at a high temperature 
without the intermediate production of the 
hydroxide, and (6) deposited on a different sup- 
port material No deposition of carbon on the 
catalyst takes place m the more recent process 
The reaction is one of oxidation, the sulphur 
compounds undergoing catalytic oxidation to 
sulphur dioxide and carbon dioxide by combina 
tion with oxygen in the gas 

CS,+30 1 =C0,+2S0, 

2C0S+30 1 =2C0,+2S0, 

This process has the advantage of eh mica ting 
mtnc oxide simultaneously, an important feature 
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where trouble is experienced from nitrogenous 
gum formation in gas (sf« p 46Sa) 

Simultaneous Removal of Hydrogen Sul- 
phide, Carbon Dioxide a>d Carbon Disul- 
phide by Mein s op Lime — This old process 
consists in subjecting the gas to the action of 
calcium hydrosulphide formed by the action of 
hydrogen sulphide on lime The calcium hydro- 
sulphide absorbs so large a proportion of the 
carbon disulphide that the total amount of 
sulphur left in the gas can be reduced to 12-20 
grams per 100 cu ft The objections to this 
process are as follows 

(1) The spent material consists of a mass con 
taming calcium sulphide, having a smell of 
hydrogen sulphide, etc 

(2) The discharging of the spent material 
from the boxes is unpleasant to the men em 
ployed 

(3) The process is somewhat uncertain in 
action 

(4) Great difficulty is experienced in disposal 
of the spent material except m smaller under 
takings in agricultural districts 

Apart from the^e objections, this method in 
volves the complete removal of carbon dioxide 
whether this is advisable or not 

It has long been known that by re-hesting 
the gas freed from hydrogen sulphide to 300-350° 
the carbon disulphide is largely converted into 
hydrogen sulphide, which may then be removed 
by oxide of iron purification, but practical diffi 
culties in large scale working prevented its 
adoption (For a full account of these methods, 
see Carpenter, J Gas Lighting, 1914, 126, 92S ) 
The first successful plant of any magnitude for 
carrying out the method was that of Hall and 
Papst at the Oregon Works, USA, where a 
plant was erected dealing with 4,000,000 cu ft 
of gas per day, and effected an average reduc- 
tion of the sulphur from 5S to 17 grams per 100 
cu ft 

Removal and Recovery of Cyanogen Com 
founds — It has long been known that crude 
coal gas contains hydrogen cyanide and probably 
other cyanogen compounds The total amount 
vanes considerably at different works, but under 
the conditions of modern practice the amount 
of hydrogen cyanide in the gas leaving the retorts 
averages about 120-130 grams per 100 cu ft. 
About one quarter of this is removed in the 
virgin liquor during condensation, partly as 
ammonium cyanide, but chiefly as ammonium 
thiocyanate, mto which the cyanide aLo passes 
on storage Smaller amounts are similarly ab- 
sorbed in the washers and scrubbers but, with 
high retort temperatures, 90-100 grains per 100 
cu ft (equivalent to 4-4 5 lb of sodium ferTO- 
cyamde, Na 4 FeCy € 10H,O, per ton of coal) 
usuallv remain m the gas entering the purifiers 
This is absorbed by the oxide in the purifiers 
with formation of a number of compounds as 
the result of somewhat complicated reactions 
The cyanogen compounds m the spent oxide 
occur normally as ferrous ferrocyamde, ferrous 
ammonium ferrocyamde, ferrous ammonium 
carbonyl ferrocyamde, ferropenta cyanide, and 
also as thiocyanates of ammonium iron, and 
calcium The ferroeyamdes are classified to- 
gether as Prussian Blue and varv in amount from 
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1% to 9% in. a spent oxide containing 50% of 
sulphur. The thiocyanates may be” present 
in amounts which varv, in ceneraL from nil 
to 7%. 

It is a fortunate fact that conditions In the 
purifier which favour the satisfactory removal 
of hydrogen sulphide also favour the removal 
of hydrogen cyanide. It should be noted, how- 
ever, that hydrogen cyanide is absorbed and 
fixed only by ferrous oxide or iron sulphides. 
In other words it is not absorbed by fresh or 
fully revivified oxide. The maintenance of satis- 
factory conditions in the purifiers has been fully 
discussed bv R. H. Clavton, H. E. Williams and 
H. B. Avery (Gas J., 19*31, 196, 311), particularly 
with regard to moisture, oxygen and ammonia 
control. The formation of large amounts of 
ammonium salts gives rise to undesirable con- 
ditions and should be avoided. It is important 
in this respect that the sulphided layer should 
be deep, thereby favouring the formation of 
Blue and not thiocyanate. Excessive quantities 
of ammonia in the gas are to be guarded against 
for the same reason. 

Hydrogen cyanide can be completely ab- 
sorbed by lime purification. 

Other PuRirrcxTiox Processes. — As already 
mentioned, a portion of the hydrogen sulphide 
is removed with the ammonia, being absorbed 
by the aqueous ammoniacal solution with forma- 
tion of ammonium sulphides, but the amount of 
ammonia present is much below that required 
for complete removal. Many attempts have 
been made to modify the scrubbing process in 
such a way as to effect simultaneous removal of 
sulphur impurities and, in some cases, of the 
carbon dioxide as well. Hills (B.P. 1369, 1S6S ; 
934, 1S74 ; 1S95, 1875) based a process on the 
fact that when ammonia liquor is heated to 
about 90' it gives off large quantities of hydro- 
gen sulphide and carbon dioxide, but only very 
small quantities of ammonia, the residual h'quor 
then containing large amounts of free ammonia, 
available for washing further quantities of gas. 
Claus (B.P. 2S33 and 2S65, 18S1 ; 4644, 1SS2 ; 
5959, 18S3) combined Hill's process with the 
continuous distillation of a large amount of the 
liquor, the ammonia being returned to the gas, 
so that the amount of ammonia in the gas in the 
scrubbers was four or five times that normally 
present. By washing, in addition, with a solu- 
tion of ammonium polysnlphide, the amounts 
of hydrogen cyanide and carbon disulphide were 
largelv reduced. The hydrogen sulphide was 
converted to sulphur and recovered. Consider- 
able losses of ammonia, and other difficulties 
operated against the success of the process. 

Attempts along these lines continue, and while 
some of the processes evolved have been con- 
sidered sufficiently satisfactory to justify- large- 
scale operation, there is, as yet, no evidence that 
conventional methods embodying separate re- 
moval of the sulphur compounds have been 
seriously challenged. It is not possible to 
enumerate all the methods proposed, but one 
or two examples may be given. The Rostin 
process consists in mixing the gas in a washer 
with a mm onia liquor which has been passed over 
copper oxide. The resulting copper sulphide 
is filtered off and the copper recovered as 


oxide. The liquor, after use, is returned to the 
vessel containing the granular oxide, where it is 
recharged and becomes ready for use again. 
The gas, thus freed from hydrogen snlphide, is 
then passed at 150" through a tower charged 
with a special ore for the removal of organic 
sulphur compounds. An experimental plant 
embodying this process is described by A. Thau 
(Gluckauf, 1935, 75, 541). A process installed 
at Billingham is described by F. F. Smith and 
O. R. Pryde (Chem. and Ind. 1934, 657). This 
depends on the reduction and oxidation of 
ammonium ferro cyanide and utilises the am- 
monia in the gas as the alkali in the scrubbing 
solution. Simultaneous removal of the hydro- 
gen sulphide, the hydrogen cyanide and about 
60% of the ammonia takes place. Apparently 
most of the ammonia is lost into the atmo- 
sphere ; S0% of the sulphur is feeovered. 

Various methods have been proposed for the 
recovery of the ammonia directly as sulphate, 
by utilising the hydrogen sulphide as a source 
of the sulphuric acid. Such methods include 
those of Burkheiser (B.P. 20920, 21763, 190S; 
17359, 1910; 16172, 1912) and of Feld (B.P. 
3061, 1909; 5S3S, 1911; 157, 10147, 1912; 
Z. angew Chem. 1912, 25, 705). H. Baar 
(Brennstoff-Chem. 1937, 18, 24S) has described a 
process for the simultaneous removal of ammonia 
and hydrogen snlphide by which the crude gas, 
after the addition of air, is oxidised catalytieally 
at 350-450' and the sulphur dioxide extracted 
by the ammonia in the gas. The sulphite formed 
is oxidised to sulphate. Xnmerous other pro- 
cesses along these lines are described in the 
literature. 

Gas Dbytsc. — Water present in the gas enter- - 
ing a distribution system is responsible for cor- 
rosion with its subsequent expense in the upkeep 
of mains, pipes, meters and appliances. Accu- 
mulation of water will lead also to blockages. 

It is with the object of overcoming these and 
other drawbacks that attention has been directed 
to the dehydration of gas, a subject which 
is rapidly assuming importance in the gas 
industry. 

Water vapour may he removed from the gas 
by several means, viz. : by compression, by 
refrigeration, by the use of solid adsorbents or 
of hygroscopic substances, either solid or liquid, 
and'processes for the dehydration of gas based 
on these have been evolved. 

Most of the methods actually in operation are 
based on the use of a hygroscopic solution, the 
most commonly used being calcium chloride. 

A typical gas dehydration plant consists of a 
tower scrubber with wood fillin g, down which is 
spraved, counter-current, a 40 ^ q solution of 
calcium chloride. The solution, in passing to 
the tower, is cooled while a portion of the 
weakened solution, returning to the stock tank, 
ig passed over an evaporator. 

The position of the gas drying plant on the 
works is immediately before or immediately 
after the holder. 

When naphthalene is deposited by cooling 
either wet or dry gas, the concentration retained 
b v the gas at a given temperature is independent 
of the humidity of the gas. Whilst it may be 
deduced that dehydrated, gas will more easily 
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cause the evaporation of an old naphthalene tion Any gas drying process should he installed 
deposit than will wet gas, it does not follow that at the outlet of the gas holders The rate of 
on reaching a zone of lower temperature the reaction in coal gas between mtnc oxide, oxygen 
dehydrated gas will be less liable to deposit and diolefins is primarily dependent upon the 
solid naphthalene concentration of the diolefins and the reaction 

Gum Formation in Gas — It has been a is often preceded by an induction period depen 
matter of general experience that there has dent on concentration and temperature The 
been a marked decrease during recent years in distribution of a mixture of stored and unatored 
the number of stoppages of service pipes and gas is objectionable because the reacting ga3 
appliances, due to naphthalene, water and rust from the storage system may start a reaction 
Within the past few years, however, deposits of in the unstored gas which would otherwise be 
gummy material have been observed in appb inhibited by contact with the surfaces of the 
ances in certain areas The complaints to which pipes 

these gum deposits have given rise are less Hydrogen Sulphide Contamination Dcr 
numerous than those formerly resulting from eng Storage — The phenomenon of hydrogen 
naphthalene, but where they occur the matter sulphide generation m gas holder water was first 
becomes an urgent one since it is found that the described by Ymonet (J de 1 L damage au Gaz, 
gum is most likely to create a nuisance m some 1898, J Gas Lighting, 1898, 73, 77, 1899, 74, 
of the most modern type of appliances Pilot 370) In 1904 Tapley showed that bacterial 
lights, fine adjustment valves and governors are reduction could bring about the formation of 
the most sensitive units hydrogen sulphide from sulphates Under con 

The gum deposited from towns gas in this ditions similar to those in holder tanks The 
country differs from the so called liquid phase trouble appears to have become more frequent 
gum derived from rich carhuretted water gas m recent years, and Evans (Gas World, 1932, 97, 
It is characterised by a higher nitrogen content 431) has pointed out that prior to the general 
and is formed by the interaction of small adoption of naphthalene removal, solid naphtha 
quantities of mtno oxide, oxygen and un lene and associated heavy oils collected in holder 
saturated hydrocarbons, such as butadiene and tanka and saturated the water which was thereby 
cyclopentadiene (e/ H Holhngs, Inst Gas Eng rendered bactericidal 

1936, Comm 147) All coal gas as manufactured During the autumn, atmospheric temperature 

under normal conditions in any type of retort, changes can give nae to convection currents in 
and all carhuretted water gas, contain more than the holder water, with the result that if bacterial 
sufficient unsaturated hydrocarbons to react action has been taking place in the water at the 
with all the nitric oxide present When the bottom this foul water rises to the surface 
benzole has been removed from the gas by active Many holders at this period begin to give off 
carbon, the diolefins may be removed to such excessive quantities of hydrogen sulphide, and 
an extent that reaction in the stripped gas is unless tests have been made in preceding months 
sluggish or suspended In such cases the ad there will be little or no warning of the approach 
mixture of unstnpped water gas is desirable to of quite high concentrations The rapid reduc 
hasten gum precipitation The normal type of tion of sulphates is not confined to the holders, 
oil washing process for benzole usually leaves but is found in an exceptional degreo in holders 
sufficient di olefins in the gas for subsequent recently filled with pure town s or well water 
reaction to proceed normally The concentra The use of water with a low sulphate content is 
tion of mtno oxide in the gas is the important an obvious precaution When the gas is being 
factor which determines whether or not gum contaminated to an excessive degree it is 
•formation is to be anticipated. Any concentra. necessary to consider steps for the removal of 
tion of nitric oxide in excess of 0 05 part per the hydrogen sulphide from the water , oxidation 
million of gas by volume may give rise to trouble by means of aeration has proved efficient, but is 
Most of the mtno oxide m coal gas is due to liable to bo objectionable, and the use of a 
waste combustion gases drawn into the retorts regulated amount of hydrogen peroxide is to be 
from the heating flues, or to air drawn in at the preferred Details of these and other methods 
retort mouthpieces and burnt inside tho retorts are given in a combined report on the subject 
Little nitric oxide is removed during the to the Institution of Gas Engineers by the Gas 
ammonia recovery process, but the oxide of iron Light and Coke Company and the South Metro 
purifiers normally absorb about 50% of it politan Gas Company (Gas J 1935, 212, 505) 
The gas leaving tho purifiers contains lutno Yield ot Gas and By Products — The 
oxide but no gum Most of the gum is formed volume of gas obtained vanes according to the 
in the gasholders, although any mtno oxide in quality of the coal carbonised and to the con 
the gas leaving the works may react later to ditions of carbonisation The volumo produced 
form gum during distnbution Gas holders, per ton of coal, without steaming tho retorts, 
therefore have two functions in addition to measured moist at 60°F and 30 in bar , usually 
storage falls within the limits of 9 000 and 14,000 cu ft 

(1) To allow time for any nitric oxide in the From the same coal the higher the yield of gas 

gas to react, and the louer is the calorific value -• 

(2) To allow time for the gum formed to settle The chief constituents of punfied coal gas 
Gum particles settle at a greatly increased rate obtained by the simple carbonisation of coal 
if there is simultaneous condensation of mois are Hydrogen, Methane, Carbon Monoxide, 
ture, and it maj even be necessary to add steam Benzene, Fthylene, Nitrogen, Oxygen and Car 
at the holder inlet in hot weather in order to bon Dioxide Other substances are present In 

saturation and subsequent condensa small quantity The relative proportions 
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i Manufacture of Carburetted V/ate^ 

G as . 

The reasons for the development of the car- 
1 huretted vater gas plant as a supplement to coal 
gas plant csv be stated as foEovs : 

(I) -Lne chief rav material required is coke, 
! vhich is a by-prcdnct fron the carbonisatioii 
j plant ; the manufacture of a certain proportion 
_ j of vs ter gas therefore enables the gas ~urder- 
fy" e ; c :T y-_ Ed d. Fexton (.J. Inst.) taking to exercise some control over the coke 
fy-~> 19->5- S. -cO;. It^irrruduces a cev term. _ market and to prevent the prices of coke bernx 
_ t ~ 5 _ nyurocsrcem. ^enpcmment value, vhich j unduly depressed. Any fall in the price of coke 
‘Sj ce expressed aigeurarrally as follow : t increases the net cost of coal-gas manufa cture , 

i so that the vater-gas plant plays an important 
1 parr in stahflfd-r the price of t ovals gas at a 


or 


result 
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vhere E=the hydrocarbon enrichment value.! (2) Because of the large variations vhich occur 
FW— crume yield of pursued gas per tou cf oral ! in the demand for gas at different seasons of the 
orpergaEon of gas ciL n=ca!rrmc value of the ' year, it is necessary to maintain a relatively 
purified gas, and 1% =percentage of inerts in the i large reserve of plant capacity capable of being 
purified gas. The simp ii city cf application and \ brought into action at short notice. Water-gas 
insss of the hydrocarbon enrichment value ! plant is particularly suitable for meeting tem- 


rren conuitious. rt ; 


are cue to tee tact 

and cal a 
selves. Tre t 
steaming dees not in any vay complicate the 
empkrrment cf this index to shov the enri chirr 


porary and sudden demands for gas, not only 
_ solely cm the yield > became the capital charge involved vhen it is 
e value of the hydrocarbons them- [ lying idle is less than the capital charge upon 
: production of bine vster-gus by ' carbonising plant, but also became it can be 

brought brio action, at much shorter notice than 
can carbonising plant. 

(3) The labour required for the manufacture 
of vater gas is less than that required for the 
manufacturing of coal gas. This is a most im- 
portant cousidsmiiou in respect of any manu- 
facturing unit, but is especially important in 
respect of a unit vbich may be required to vork 


the absence c-f gas leakage from the retorts, the 
hydrocarbon enrichment value becomes an index 
erf cracking conditions vithin. the retort. 

The yield of coal tar vitk horirartal retorts 
commonly from 9 to 13 gallons per ton 


of coal, averaging about 10 gallons, or some '■ at irregular intervals. 


ot the origmal cosh 'Its 
sp.gr. varies 5mm about 1-10 to 1-2.5. this depend- 
ing largely upon the remperatcre of car fcord- 
satiem- The higher the temperature to vhich. 
the volatile products are exposed, the higher is 
the average carbon percentage and the lover the 
hydrogen percentage of the tar, and the greater 
of the so-called “See carbon" 
i latter, although in appearance 
amorphous carbon, alvays contains 
and consists of derivatives of very 
complex hydrocarbons, vhich are infusible and 
insoluble in the remaining tar. The yield of tar 
from, verti cal retorts is higher and is increased 
by steaming, the tar being thinner and having a 
sn-gr. of 1-07-1-13. It contains only 40-55% of 
pitch instead of the in tar from hori- 
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Th s ammonia cal liquor contains a qumtfry 
of amm onia calculated as sulphate, equivalent 
generally to a yield of from. 22 to 30 lb. of the 
latter per ten of coaL It is usually higher (up to 
45 TbSia. continuous verrf cal-reto rts, aud is con- 


i One of the disabilitfes of the manufacture of 
vater gas is that its calorific value is considerably 
less than that of coal gas and less than is generally 
considered desirable in a gas to be distributed 
for general use. Therefore, unless it is to be 
used in small proportions only, it is necessarv 
to enrich it by means of oil non foreign sources 
i or supply. 

It vis be appreciated that, since it is necessary 
that the mixture of coal gas and vater gas 
should have a constant caJorrSc value, it is 
necessary to use varying quantities of oil to 
produce varying quantities of carburetted vater- 
gas if the output of the plant is to be varied 
from time to time, as it is in practice for the 
reasons given above. 

The manufacture of vater gas itself (commonly 
known as cs blue ** vater gas. ovrng to its burn- 
ing vith a bice non-Icminocs Same} is dealt 
vith in a separate article (see Gas. Waxes), and 
viH be considered here only so far as it concerns 
the manufacture of the carburetted gas. Fig. 21 
Slusrrates the operation of a carburetted vater- 


i£2S 



The vield of coke averages about 14 cvt. pv 
ton cf couL but some of this is used for heating 
the retort s et tin g and for other purposes on the 
vorks, so that the amount avaHatle for sale is 


AToderu practice has added to this a 
euts, vhich are described and 
These reSnements do not 

^ pies underlying the process, 

vhich can be more readily appreciated from 
this diagram cf an early plant. The generator. 
A. is filed vith coke, the latter being ignited 
at the bottom and raised to incandescence by 
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blowing in air from a fan, the amount of air the top of the superheater, which is open during 
being regulated so that the gases coming away this operation These gases pass away at ft tem 
from the generator contain sufficient carbon perature of 700° and the total of their potential 
monoxide to burn readily These pass to the and sensible heat content accounts for 20% of 
top of the ‘ carburettor,” T, which is filled the heat contained in the coke consumed during 
with fire brick checker work, a secondary stream the heating (blowing) and gas making periods 
of air being added to the gas at the top when the The attachment of w aste heat boilers to water 
carbon monoxide bums and raises the fire brick gas plant to recover this heat as steam has now 
checker work to a red heat The gases pass become standard practice 
away from the bottom and enter the bottom of When the coke in the generator 13 sufficiently 
the “superheater,” G, where they meet with hot, and the checker work in the carburettor 
more air, and the remaining carbon monoxide and superheater raised to the required tempera 
burns to the dioxide and raises the checker work ture, all three air valves and the stack valve are 
in the superheater also to a red heat Until closed and steam turned on to the generator, 
recent years the waste gases were allowed to water gas being produced, which passes to the 
escape into the air from the “ 6tack valve ” on top of tho carburettor At this point oil is 



sprayed into the gas, and passes with the latter amount of carbon dioxide produced becomes 
ov er the hot checker work, where it is volatilised, excessive The steam is then shut off, the oil 
the vapours then undergoing decomposition, having also been shut off from the carburettor 
which is completed on passing through the super a short time previously , tho generator air v ah o 
heater, the oil being thus converted into per is then again opened and also the secondary air 
manent gas and condensible tar vapours Tho valves and stack valve, and the coke and checker 
stack valve being now closed the mixed gas woik raised to a suitable temperature as before, 
passes through ft seal pot, II, which prevents gas this period of working being known as tho 
returning up the stand pipe when the stock blow The gas making cycle then recom 

valve is open thence through scrubbers filled mences brom time to time steam is passed 
with boards and tubular water cooled condensers downwards instead of upwards through the 
to reduce the gas to atmospheric tem perature and generator during tho run in order to control the 
condense the tar vapours and excess of steam distribution of temperature 
from the gas As the formation of water gas Several important advances have been made 
takes place with absorption of heat, the tem in tho method of operation ns exemplified m the 
perature of coke m the generator steadily falls plant just described and a number of mechanical 
and eventually reaches a point at which the devices hav e been introduced The use of the 




r'^Le-ke&t toder. already referred to, makes 
passicle the gensrutiou of steam eonivsleiit to 
1 ±— -i K>- per lb. of coke consumed in the genera- 
tor c-r from SO to 90 lb. per 1.000 cm ft. of gas 
made. Tke_ steam requirements of csrharetted 
water-gas plant for all purposes, indudinu pro- 
cess steam, potter for air blotters, gas exhausters, 
pamps. etc_ average SO-100 lb. per 1,000 cm ft. 
of gas. Ir tmu be apparent, therefore, that the 
application of waste-heat bo ilers results in the 
nstsHafror becoming practically self-srrnportins 
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' in tte matter of steam supply. A mods m plant 
i is shown in FIs. 22. 

Other improvements have led in the direction 
: of reducing the ardnons labour of remotina the 
. resulting dinkered ash. Automatic me chani cal 
• grates are now in use and are most successful 
. when used with water-jacketed steel-waded 
. generators. The upper part of snch a generator 
: is a steel shell lined with refectory material as 
■ in the older type of generator. The lover por- 
tion is a steel annular steam-boiler , which is 
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csed to prevent the adherence of clinker to the 
sides of the generator. The grate is conical in 
share and is pierced for the passage of air, steam 
and gas. It is mounted on a steel drtzn which 
is attached to the ash pan. This pan is sup- 
ported and kept in position by rollers and made 
to revolve slowly by means of a motor. In 
relation to the annular coder the ash-pan 
revolves concentrically while the grates rotate 
eccentrically, the effect being to crash the dicker 


rshinr-plat 


The broken 


id ashes fall to the bottom of the pan and are 


: metrically opposite preventing the ash from 
consolidating on the bottom of the ash pan. 

The time or dinarily occupied in clihkering is 
profitably employed" in gas makin g . It is 
claimed that a boder generator and rotary grate 
give a 10% increase in output over and above 
that obtained fern a feed-grate generator. 

Automatic operators are now used to operate 
-n the working valves of carburetied water-gas 
plant in safe and proper sequence at any desired 
intervals. Should any of the valves fad to 
operate or tend to operate in incorrect sequence, 
a safety device returns them ad to the *htri 
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position, opens the stack, stops the auto | 
operator and gives audible ■warning 
The Back Run Process — The back run itself 
is simply a '* down run " during which steam is 
admitted at the top of the superheater, passes 
downwards through the “ superheater,” upward 
through the carburettor and into the top of the 
generator The blue gas made during the back 
run is taken away through the cooling grate 
The following are details of a complete water 
gas cycle, using the back run process, and indi 
eating the modern practice of using a rather 
short cycle 

Run Min Sec 

Up run 1 30 

Back run 1 0 

Purge (up) 0 10 


Total r 
Blow 


Complete cycle 


40 


30 


Oil is admitted during the up run only It 
should be realised that with the use of the 
back run less heat is available for recovery in 
waste heat boilers 

The introduction of waste heat boilers, rotary 
self cleaning grates, the back run process ana 
automatic operation have resulted in consider 
ably lowering working costa with greatly in 
creased outputs per unit The efficiency of 
water gas manufacture itself is not so high as 
that of the carbonisation of coal Without oil 
enrichment or waste heat recovery the thermal 
efficiency is 46-50% The addition of waste 
heat boilers raises this to 60% and the high 
efficiencyof oil crocking gives an efficiency of 70% 
for carburetted water gas manufacture under 
modern conditions 

The oil employed is mostly that fraction of 
petroleum lying between the burning oils 
(kerosene) and the lubricating oils, and is 
referred to as “ gas oil ” The amount of oil 
used depends upon the required calorific value 
of the carburetted water gas Each gallon used 
per 1,000 cu ft raises the calorific value by very 
approximately 100 B Th U The practice of 
pre heating the gas oil is less in favour now than 
formerly, since it gives nse to a number of 
practical difficulties Recent American practice 
includes the use of butane for enrichment (e/ 
W K Beard, Proc Amer Gas Assoc 1935,753) 
Investigation has shown the importance of a 
knowledge of the oil cracking process, notably 
in relation to the nature of the gas oil, the tem 
perature of cracking and the rate at which the 
oil vapours pass through the cracking zone 
Laboratory and full scale work on the subject 
is described m detail by R H Griffith (“ The 
Manufacture of Gas Water Gas,” Benn, 1934) 
As the gas production is intermittent, l 
balancing reservoir is required for the gaa if this 
u to be passed through the purifiers at a uniform 
rate For this purpose a relief gas holder is 
placed at the condenser outlet into which the 
gas passes intermittently as made, and is drawn 
from it continuously by an exhauster and forced 
forward to the purifiers The gaa is punfied 
from tar fog and hydrogen sulphide by the same 


methods as adopted with coal gas Usually 
separate purifiers are employed for this gas, the 
punfied streams of goal gas and carburetted 
water gas mixing together at the outlet of their 
respective meters before reaching the holders 

The only by product obtained other than spent 
oxide from the purifiers is the oil tar, no am 
monia being produced in the process The oil 
tar is a comparatively thin oil of sp gr 1 0-1 05, 
consisting mainly of aromatic hydrocarbons It 
contains only about 30-35% of pitch and 
scarcely any “ free carbon,” the solid matter 
found in it consisting chiefly of fine coke ash 
carried over from the generator with the stream 
of water gas 

The amount of coke employed in the manu 
facture, including that used for raising steam, has 
fallen steadily with technical development 
The figure for all authorised undertakings m this 
country was 44 5 lb per 1,000 cu ft of gas made 
in 1936, ns compared with 55 9 lb per 1,000 cu 
ft in 1921 

The following is an analj sis of a typical car 
buretted water gas having a calorific value of 
450 B Th U per cu ft 


CO, 


69 

04 


CnHm 

70 

CO 

32 2 


37 8 
91 

C,H 8 

22 

N, 

54 


100 0 


As explained already gases of higher or lower 
calorific value may be produced by using more 
or less oil, the gases then contain a greater or 
less percentage of hydrocarbons 
Complete G ossification — Many attempts 
have been made from time to time to devise 
apparatus for the complete gasification of raw 
coal in a single stage, » e to give various mix 
turefl of coal gas water gas and producer ga«, 
leaving a residue of clinker The use of coal in 
the water gas generator forms the basis of a 
number of these processes No process has yet 
proved to be generally acceptable to the gas 
industry, although there is considerable interest 
in investigations which are in progress in various 
quarters It Bhould perhaps be pointed out that 
the adoption of any of these processes on a large 
scale would have a profound effect upon the 
relationship of the industry to the coke market 
In connection with some of the processes con 
sideration might have to be given to the high 
carbon monoxide content of the ga3 and to a 
decrease m the calorific value of the gas supplied 
The latter consideration raises eenous economic 
questions relative to the capacity of storage and 
distribution systems Such processes are attrac 
tive, however, because they open up a possibility 
of a much more general substitution of gaseous 
for solid fuel in domestic life It is not possible 
to describe the various processes in detail here, 
but reference may be made to the Doppel Gas 
plant of Strache (J fur Gasbel , 1920, 63, 230, 
399) and the Pier process of Murdock, Evans 
and Lungren (Amer Gas Assoc 1925) H J 
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of water (Fig 24) In order to reduce the neces rounding it is of all steel construction In bell 
sary depth of the tank the bell is usually con holders of the spiral guided type, which are also 
structed in a number of lifts which slide into very common a guide framing is dispensed with 
each other in a manner somewhat similar to the and inclined rails attached to the sides of the 
sections of a telescope The guide framing but lifts cause them to rise after the manner of a 



Detail of Spiral Guide Carriages 


Fig 24 — Section through Gas holder and Tank 


screw thread and lock them in a rigid structure succeeding lift Thus a four lift holder might 
when inflated AU telescopic holders throw & give 3 in pressure when completely uncupped 
varying pressure according to the degree of m and 9 in when full 

flation A considerable number of holders recently 

formal figures would be 3 in water gauge for constructed have been of the waterless type 
,n ner belJ plus 2 in water gauge for each Within a circular or polygonal vertical cylinder 
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of fixed dimensions a horizontal piston rises and 
falls, being at the base when the holder is empty 
and at the top when it is full 
The piston is sealed around its edge against 
gas leakage 

(a) By a tar seal kept filled by an automatic 
pump 

{6) By a flexible packing ring of rubber cotton 
fabric lightly greased or 
(e) By a hollow leather ring filled with oil 
under slight pressure which exudes 
through the leather and provides lubri 
cation 

Examples of the first and second types are to 
be found in various countries of the world, and 
Fig 25 gives a section of type (a) the most 
generally adopted Larger capacities can be 
provided by waterless holders, which are built to 
hold up to 20 million cu ft These holders 
have the following advantages 

(а) The pressure thrown, which by weighting 

the piston can be up to 15 in w g , is 
practically uniform whatever the state 
of inflation 

(б) The gas is stored out of contact with water 
(c) The absence of the water tank reduces con 

siderably the weight on the foundations 
{ d ) All parts needing adjustment can be 
attended to whilst the holder is in use 
In order to control the pressure of the gas in 
the mams in the district of supply, a governor 
is fixed between the holder and the trunk mams, 
whereby the pressure in the distribution mains is 
reduced to that most suitable Fig 26 gives a 
section of a governor The gas entering in *he 
direction shown by the arrows, must, in order to 
reach the outlet, pass through a device consisting 
of a hollow vertical cylinder closed at the top 
and having a number of slots cut in the vertical 
side, the width of which increase towards the top 
of the cylinder The top of this cylinder is con 
nected by a rod to the bell above, and is capable 
of moving freely up and down with this bell 
Tihihh. ’/s "uviiftd. 'Ex ’m&toi ^1 {him, uvu * ai 'ib iHiinveh 
to run into the annular chamber in the bell, the 
latter increases m weight, and with the attached 
cylindrical device sinks, increasing the size of 
the openings through which the gas can pass, 
and by adjustment of the amount of water the 
desired pressure at the outlet can be obtained 
If, then, owing to increased consumption, the 
pressure of the gas m the outlet mam faRs, this 
lessened pressure is transmitted to the bell 
which, under the atmospheric pressure, falls, 
increasing the size of the gas openings, allowing 
more gas to pass and restoring the pressure in the 
outlet main If the consumption decreases and 
- increases the bell rises and reduces the 
the size of the gas openings, and in this manner 
the pressure once set remains constant When 
it is desired to alter the pressure in the outlet 
mam to allow for periods of higher or lower con 
sumption in the district, water is either added 
to or run off from the annular chamber in the bell 
Modem gas distribution aims at providing a 
constant pressure at the consumer s meter of 
4 in w g , irrespective of load conditions This 
is obtained by increasing the number of feeding 


points into tbe ordinary or low pressure mams 
At each point gas is passed through a station 
governor either from gas holders at the works, or 
located m an outlying suburb or direct from 
high pressure arterial mams fed by pumps from 
the works These arterial mams will he of 12- 
48 in diameter for distances under 20 miles,*and 
be fed at initial pressures of 2-5 lb per sq in 
For longer distances and for scattered areas, 
mains from 2 to 12 in diameter would be used, 
and with initial pressures of 20-60 lb per eq ui 



For pressures up to 16 lb per sq in cast iron 
gas mams are usually employed, but for higher 
pressures steel mains wrapped to prevent cor 
rosion and with welded joints are commonly 
used 

Recobdino Gas Calobimetey — The Gas 
Regulation Act, 1920, contained the provision 
that the apparatus prescribed for the official 
testing of gas supplied by undertakings having 
an annual output of more than 100 million cu ft 
should include a recording calorimeter By the 
Gas Undertakings Act, 1934, it is decreed that 
from January 1, 1939, tbe prescribed apparatus 
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shall, in the ease of any thermal unit under- 
takers who have sold in the preceding year more 
than 5 mil] i on therms in the form of gas, and in 
the case of any other thermal unit undertakers, 
if it appears to the Board of Trade to he neces- 
sary, include a calorimeter for the production of a 
continuous record of the caloriSc value of the 
gas vrhich is being supplied- Three instruments 
are prescribed for the larger undertakings. Each 
is of the do— type in vrhich the heat developed 
by the combustion of a continuous supply of the 
gas to be tested is imparted to a continuous go- 
of hest-absorhing medium, the rise of tempera- 
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tore of vrhich is continuously recorded upon a 
suitably calibrated chart. Means ate included 
in the instrument for maintaining constant- flows 
of gas and heat-absorbing medium, and the rise 
of temperature as recorded is proportional to the 
calorific value of the gas. The recorded calorific 
value is reduced to terms of a standard tempera- 
ture and pressure by an appropriate design of the 
instrument. 

In the Boys recording calorimeter (Fig. 27) the 
rate of gas burnt is maint ained constant bv 
means of a gas meter operated by a pendulum- 
controlled water-wheel, and is itself corrected 



for the varying temperature and pressure of the 
gas by the action of an expanding volume of air 
which operates a ball and plate gear-changing 
system. Water to the calorimeter is periodically 
weighed out by means of a tipping-bucket device, 
and" its rise of temperature is, by a system of 
alcohol thermometers, transferred to a chart, 
the rulings on which are printed by the instru- 
ment itself. The heated water from the calori- 
meter passes through a cooler, over which air is 
blown by a fan attached to a hot-air engine, the 
latter also operating a pump which raises the 
water again to an overhead shallow tank. 

In the Fairweather recording calorimeter gas 


is measured out by means of a meter connected 
to an escapement, and is burnt within a heat 
interchanner in construction very similar to that 
of the Boys non-recording calorimeter. To this 
a Sow of water is supplied from an orifice acting 
under a head which, by the operation of an ex- 
panding volume of air, is made to vary in such a 
manner that the water flow is directly propor- 
tional to the factor necessary to reduce the gas 
volume to standard conditions of temperature 
j and pressure. The rise of temperature of tne 
water passinu through the calorimeter is trans- 
ferred to a suitably calibrated chart by means of 
a svstem of electrical resistance thermometers. 
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In the Thomas recording calorimeter an electnc 
motor drives three meters contained in a tank I 
one supplying gas to the heat interchanger I 
another supplying air for combustion while the 
third Bupphes a volume of air to which is im j 
parted the heat developed m the heat inter 
changer The rise of temperature of this heat 
absorbing air is continuously recorded on a 
suitably calibrated chart by a system of differen I 
tial recording resistance thermometers In this i 
instrument correction for the varying tempera 
ture and pressure of the gas is not required but 
slight changes m the specific heat of the heat 
absorbing air are corrected for by selecting for 
the resistance thermometers wire having appro 
pnate characteristics 

In another type of recording calorimeter of 
which the Sigma Beasley and Calorgraph are 
typical a measured volume of gas is burnt j 
within a chimney from which free radiation is 
permitted and into which a volume of air is | 
drawn by natural dra ght The rise of tem 


perature of this air is made to operate a recording 
mechanism These instruments record the net 
calorific value of the gas but are usually set to 
read the gross value 

The Sigma and the Simmance Calorgraph 
type B instruments have been prescribed by 
the Gas Beferees for the smaller undertakings 
for use m conjunction with a non recording 
calorimeter in order to give the average calorific 
value for three months (see C G Hyde and 
F E Mills Gas Calorimetry Ernest Bean 
1932) 

Gas Quality — All gas supplied for public use 
must by law be free from hydrogen sulphide 
According to the Gas Works Clauses Act the gas 
when passed for 3 minutes over bibulous paper 
previously moistened with lead acetate and dried 
in air free from hydrogen sulphide shall not 
darken Ike paper The rate of gas passage is 
fixed at 5 cu ft per hour (General Notification 
of Gas Beferees) Since the formation of a 
| brown stain of lead sulphide in this manner is an 



Fio 28 — Total Sulphur Te9T 


exceedingly delicate test for hydrogen sulphide j 
this means that for all practical purposes 
the gas passing the test is free from that im 
purity 

A method for the estimation of the total sul 
phur present in purified gas is illustrated in j 
Fig 28 The gas is burned in a small Bunsen 
burner at the rate of 9 5-0 7 cu ft per hour until 
about 10 cu ft have passed the flame being 
surrounded by lumps of commercial ammonium 
carbonate The products of combustion to i 
gether with ammonia pass by means of the 
trumpet tube into the glass cylinders provided 
with a tubulus at the bottom for connecting . 
with the trumpet tube The upper portion of 
the cylinder is filled with glass marbles and from 
the top a wide bent glass tube is led which acts 
as a chimney and final condenser A small tube i 
from the cylinder drawn out to a jet conveys the 
condensed products to a flask or beaker placed 
in a shelf below The sulphur d oxide resulting 
from the combustion of the sulphur compounds j 


reacts in the presence of the moisture the excess 
of oxygen and the ammonia to give a solution of 
ammonium sulphate The sulphur determma 
tion is then earned out by washing out the 
apparatus with water and estimating as barium 
sulphate in the usual way the amount being 
calculated as grams of sulphur per 100 cu ft 
In view of the risks of slightly low results due 
to incomplete oxidation of the sulphurous acid 
primarily formed a previous treatment of the 
solution with brom ne is advisable This 
method for the determination of total sulphur 
was formerly prescribed by the Metropolitan Gas 
Beferees (Notification of the Gas Beferees 1918 
7) Other methods employed include aspiration 
of the products of combustion through sodium 
hypobronute solution followed by estimat on 
as barium sulphate or through neutral hydrogen 
peroxide the sulphuric acid produced being 
determined by titration with standard alkali 
The major constituents of coal gas namely 
hydrogen carbon monoxide methane ethane un 
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saturated hydrocarbons (symbolised as CnHm), 
carbon dioxide, oxygen and "nitrogen are 
normally estimated by measuring the change in 
volume or pressure following the removal of one 
constituent- by some specific reagent. The 
carbon dioxide is removed vrith caustic potash 
solution; tmsatnrated hydrocarbons vrith 
bromine water, fuming sulphuric add or an 
activated snlphurie add; and oxygen vrith a 
solution of alkaline pyrogallol or chromous 
chloride. Hydrogen is usually removed by 
oxidation vrith copper oxide at 270", vrhfle 
carbon monoxide can be either similarly oxidised 
or removed vrith solutions of add or a mm omacal 
cuprous chloride. Methane and ethane are 
oxidised by passage over hot copper oxide or 
mixtures of copper oxide with other metallic 
oxides, or alternatively, are burnt with excess 
oxygen. Nitrogen is estimated fay difference. 
The apparatus in general use for carrying out a 
complete gas analysis on the lines indicated above 
is that devised by Bone and Wheeler (ToL H, 
p. 676) (cf. Hyde and Mills, op. tit., p. 32S). 

Th e minor constituents of coal gas can be 
estimated either by a process of liquid frac- 
tionation (cf. W_ J. Gooderham, J.S.CJ. 1937, 
56, 31T.) or by means of special tests. The 
various constituents in the percentage returned 
as “ tmsatnrated ” hydrocarbons indude propy- 
lene and other higher olefins, diolefins, acetylene 
and aromatic hydrocarbons. Specific tests for 
individual constituents indude colorimetric tests 
for the estimation of hydrogen sulphide, nitric 
oxide and metallic carbonyls, tests involving 
titrations vrith standard solutions for consti- 
tuents such as ammonia, naphthalene, carbon 
disulphide, sulphur and hydrogen cyanide, and 
tests such as the cryoscopic estimation of benzole 
and predpitation of gum. 

Coirs csxrox Cexeacteeisiics. — Until re- 
cently the gas manufacturer has been concerned 
primarily vrith the production and distribution 
of gas of good quality. The increasing scientific 
design and production of appliances has no w 
stressed the importance of a knowledge of the 
combustion characteristics. One important cha- 
racteristic — calorific value — is already the sub- 
ject of control, but performance is also affected 
by specific gravity and composition. The 
specific gravity of town’s gas mixtures is in the 
mam dependent upon the following factors : 

(1) The percentage admixture vrith coal gas of 

carburetted water-gas, blue' water-gas, 
producer gas or waste gas ; 

(2) The quantity of oil used for carburetting ; 

(3) The quantity of benzole extracted; and 

(4) The inert content of the gas. 

So far as calorific value and the specific 
gravity are concerned, the properties of any 
mixture of gases can be arithmetically calculated 
from a knowledge of the various constituents. 
This is not the case, however, vrith regard to the 
burning properties of a gas mixture, which are 
' dependent upon the relationships ‘between the 
flame velocity of the gas, the air-gas ratio and 
the velocity of the air-gas mixture. The appli- 
ance desinner, having settled the ratio of p rim a r y 
and secondary air to secure proper combustion 
at normal and overload ratings having regard to 
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the nature of the gas, is then faced with securing 
a defined shape and size of flame. In practice 
the height of the inner cone, which is a measure 
of flame propagation, is found to be the con- 
trolling factor. If this is or becomes too lonx, 
giving a soft fla m e, combustion may be impaired, 
unwanted Same contacts may occur and effi- 
ciency be lowered. Alternatively, too short a 
cone, giving a hard flame, will lead to noisv 
operation, risk of flashing back or blowing out 
and irregular control. Efforts have been made 
in this country and in Germany, the United 
States and Switzerland, to devise means of assess- 
ing these combustion characteristics. The first 
attempt at a practical .solution appears to have 
been made by Hofsass in 1919 (J. Gasbeleucht. 
1919, 62, 541), who employed a Bunsen burner 
vrith a fixed air inlet and deduced a “ nominal 
flame velocity ” from the height of the inner 
cone, which would serve to indicate the tendenev 
of a gas to flash back or smother. In 1925, Ott, 
of Switzerland, introduced a burner in which 
the air port was calibrated so that the degree of 
opening required to produce popping back for 
any gas could be recorded on an arbitrary scale 
(cf. Schweiz. Ver. Gas-Wasserfach. Monats-BoIL 
1931, 137). This “ Ott Number ” is used as is 
the “ nominal flame velocity ” of Hofsass — to 
assess the combined effect of all the factors 
making for a hard or soft flame. More recently 
Czako and Schaak (Gas-n. Wasserfach, 1934, 
77, 587) designed the “ Prufbrenner,” in which 
the methods of Hofsass and Ott are combined. 
A calibrated air port is adjusted to give a fixed 
height of inner cone and elaborate arrangements 
for reproducing the adjustments are made. In 
this country a simplified burner, based on the 
same principles as the “ Prufbrenner,” called 
the “ Aeration Test Burner,” has recently been 
produced. 

From the foregoing it will he evident that it 
should be a matter of concern to every gas under- 
taking that the gas manufactured will at all 
times meet those reasonable requirements which 
mav be generally demanded as the result of 
progress in gas utilisation technique. At the 
same time the desirability of avoiding develop- 
ments in appliances along lines which impose un- 
due limi tation of gas properties must receive 
consideration. 

A practical example of the application of tests 
on combustion characteristics is seen in the 
work of P. C. Gardiner, who has conducted in- 
vestigations vrith gases of varying Ott numbers 
in standard street lamps (cf. C. A. Deas, Gas. J. 
1936, 216, 672). When adjusted for a gas of 
bfgh Ott- value s considerably greater variation 
can be tolerated without lighting back tban when 
the lamp is set for a gas of low value, thus indi- 
cating: the desirability of keeping the Ott 
number as high as possible. It was found that 
mixtures of coal gas and producer gas have a 
higher Ott value than mixtures of coal gas and 
water-gas of the same calorific value. 

The Joint B.esearch Committee of the Institu- 
tion of Gas Engineers and Leeds University has 
given a synopsis of available information upon 
cas Quality, combustion characteristics and 
burner performance, designed to show which 
points may be regarded as definitely established. 
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which require supplementary investigation and 
to what extent gaps m the existing state of 
knowledge require to he filled (Inst Gas Eng 
1937, Comm No 166) Attention is also drawn 
to the work of C A Masterman and E W B 
Dunning (tbtd Trans 1931-32, 142) of H 
Bruckner and H Lohr (Gas u Wasscrfach, 1036, 
79, 17) and of the US Bureau of Standards 
(1932, Rept No 446) to mention a few of the 
investigations on this subject Valuable work 
on gaseous combustion has also been carried out 
by W A Bone and his co workers and by 
Pay man and Wheeler, to whose numerous works 
reference should be made in any study of this 
subject 

Employment of Coal Gas — At the present 
time coal gas is employed for a very great and 
increasing diversity of purposes During the first 
60-70 years of the existence of the industry it 
was almost entirely employed for illumination by 
burmng it in open flame burners of various kinds 
tor illumination purposes now the Ught is 
obtained through the medium of the much more 
efficient incandescent burner, in which the burn 
mg gas raises to incandescence a mantle com 
posed essentially of thona, to which about 1% 
of ccna has been added (v Gas Mantles) 

High pressure installations are largely adopted 
for the outside lighting of public streets, etc 
A large proportion of the gas sold is now used 
for heating purposes for example, heating with 
gas fires and cooking by gas At the same time 
the use of gas has widened and in addition to 
its uses in the private dwelling house it is now 
established as a valuable medium for various 
heating, refrigerating and power purposes in 
restaurants, shops, factories offices, etc The 
adoption by many gas undertakings of a tariff 
system whereby purchases of relatively large 
quantities of gas could bo made advantageously 
has aided expansion in these directions 
The many advantages of town s gas as an 
industrial fuel are now recognised Steadily m 
creasing quantities are employed for diverse pur 
poses, including gas furnaces for metal melting 
gas fired kilns, annealing etc In general eDgi 
neering practice the use of gas for carburising and 
general beat treatment work has been largely 
adopted The value of purified town s gas or 
-coke oven go3 for furnace operation in the steel 
industry is discussed by J W Cobb (Chem and 
Ind 1036, 360) 

H H andE G S 
GAS, LIQUEFIED HYDROCARBON 
(BOTTLE GAS) — In the United States, 
naturally occurring hydrocarbon gases have 
long been employed as a fuel and lllummant, 
being distributed from the centre of production 
in the same way as coal gas The commercial 
production of liquefied petroleum gas, com 
prising mainly propane and butane, is a later 
development and one which dates principally 
from about 1910 Such liquefied gas, once 
merely a by product in the manufacture of 
natural gasoline, has now become an important 
primary product The gas available from 
natural sources is supplemented by that derived 
from petroleum cracking 

t In countries such as Great Britain France and 
* Germany, where natural sources of hquefiable 


hydrocarbon gas are lacking, the gas is obtained 
as a by product of petroleum cracking and of 
tho hydrogenation cracking of coal 

The process of winning liquefied hydrocarbon 
gas from natural gas comprises, in the first 
stage, a process of “ stripping ” Many methods 
have been devised to accomplish this (eg 
adsorption by activated carbon, refrigeration), 
but that which is now almost exclusively used 
is one of scrubbing tho gas under pressure with 
gas oil (Vaiden and Fisher, Petroleum Engr 
1939, 10, No 10, 128) The resultant extract is 
separated from unabsorbed gases and fractionally 
distilled to give a residue of gas oil which is 
recycled, the requisite fraction of gasohne 
(“ natural gasohne ”), and a cut containing 
butane and the more volatile hydrocarbons 
This latter fraction contains sulphur com 
pounds , of these, hydrogen sulphide and some 
of the mercaptans are removed by an initial 
washing with caustic eoda solution, while re 
maming mercaptans are rendered innocuous by 
washing with a solution of sodium hypochlorite 

After the hypochlorite treatment the cut is 
next washed with water, freed from raecham 
cally entrained water and rectified to give two 
fractions, one comprising the butanes and the 
other propane together with more volatile hydro 
carbons This latter cut is refractionated in a 
second column to give substantially pure pro 
pane, the distillate being taken off at a tem 
perature sufficiently low fo ensure its being 
anhydrous Such dehydration is essential to 
avoid the risk of choking the consumers 
apparatus by ice or solid hydrates of hydro 
carbons 

Liquefied gas arises as a by product of the 
hydrogenation cracking of coal and of the 
refining of petroleum , in the latter process It is 
obtained both directly from the crude petroleum 
and as the result of various cracking operations 
The chemistry and technology of these processes 
are complex and will not bo dealt with here , in 
general, the winning of the C 3 and C 4 hydro 
carbons from the gases comprises (as for the 
natural gas concentrate) one or more stages of 
rectification and chemical purification Gases 
from the cracking of petroleum contain not only 
saturated hydrocarbons but also a considerable 
proportion of olefins The presence of these 
latter m liquid fuel gas is of no great moment, 
since their calorific values do not differ greatly 
from those of the corresponding paraffins 

Properties and Use oj Liquefied Hydrocarbon 
Gas — The product as marketed in the United 
States usually contains 95% of C s hydrocarbons, 
C 4 hydrocarbons being added only as ennehers 
and in quantities insufficient to raise tho dew 
point of tho mixture to a temperature within the 
limits likely to be encountered Small, adventi 
tious amounts of such hydrocarbons as ethane 
and pentane may bo present Of tho non 
hydrocarbon constituents of the gas, water » 
present only in traces while the content of 
combined sulphur is kept low to mold corrosion 
of equipment, being usually of the order of 2-10 
grams per thousand cu ft Traces of a strongly 
smelling substance such as ethyl mercaptan are 
added, to indicate leak" pea of this otherwise 
odourless gas 
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with a solution of lime salts and then incinerated, nitrates of the rare earths, dned and finally 
it left a skeleton of ash which glowed brightly in burned over a Bunsen flame, left a comparatively 
the flame of a spirit lamp This and the earlier strong framework of oxide that emitted a light 
experiments showed that if a refractory material, of considerable intensity Welsbach’s first 
such as lime, could be obtained m coherent fila patent, taken out in 1885, mentioned the U3e of 
ments, a moderately hot flame would raise it to the oxides of lanthanum, yttrium, zirconium and 
brilliant incandescence magnesium, and a year later a German patent 

An interesting forerunner of the present day protected the use of thorium salts 
mantle was proposed by Crinckshank in 1839 In the early mantles no great care was taken to 

He constructed a device of platinum wire suit purify the materials used because the separation 
ably shaped to the flame The wire was coated of the rare earths was difficult, consequently the 
with a covering of refractory oxides such as lime light emitted varied in colour showing green 
or thona and the cage was heated by means of a to orange tints according to the variations in the 
water gas flame In 1848 Gillard employed composition of the oxide mixtures in the mantle 
small mantles made from fine platinum wire The amount of bght given by these mantles 
raised to incandescence by the flame of burning rarely exceeded six candles per cubic foot of gas 
hydrogen and some years later a somewhat consumed, and they were so fragile m character 
similar attempt was made by Edison He that they were unable to withstand slight 
patented, in 1878, the coating of platinum wire shocks Thus the first Welsbach mantles were 
with the oxides of zircomum and cerium All. not a commercial success and showed no great 
these systems failed owing to the high price and advantage over the electric carbon filament 
rapid deterioration of the platinum lamps which were rapidly developing at this 

A mantle of magnesia was developed by Cla time 
raond m 1882 This was made by grinding About 1891 Welsbach was examining the bght 
powdered magnesia into a paste with water con given by the oxide thona when he found that 
tammg magnesium acetate When moulded the intensity of illumination became less and 
into the form of a basket and ignited, the heat less as the thonum salts were made purer By 
decomposed the acetate leaving cemented this discovery he was led to make a further im 
particles of magnesium oxide These mantles portant contribution to the science of gas 
gave a good light but were too fragile for com lighting by observing that a filament of pure 
mon use Finely pondered magnesia was used thona had a relatively low illuminating value, 
also by Fahnehjeln of Stockholm in 1883 His but a very much greater degree of light emission 
method was to mix the magnesia with a plastic was rendered possible by the addition of small 
material and form solid rods by extruding the quantities of other rare earth oxides Pursuing 
paste through a die , the prepared rods of re his investigations Welsbach added gradually 
fractory material in the form of a comb were increasing quantities of ceria to pure thona 
suspended over a water gas burner Fah and determined that mere traces of cem 
nebjeln’s combs, as they were called, gave a endowed the ash with the wonderful light 
light equivalent to about four candles per cubic giving property possessed by the modem 
foot of gas consumed and they were used fairly mantle Welsbach announced this result in 
extensively for domestic lighting a patent in 1893 and since that time the 

The introduction by Bunsen of the atmosphenc ‘ Welsbach mixture” containing 99% of thona 
burner, about 1855, greatly assisted the apph and 1% cena has been universally Used in 
cation of towns gas for heating purposes and mantle manufacture Although many thousands 
some thirty years later Auer von Welsbach of experiments have since been made, this 
made the discoveries which ga\e the world the mixture lias remained beyond doubt the most 
modem incandescent gas mantle efficient (Fig 1) 

The early eighties marked the commencement After the introduction of the Welsbach mix 
of elsbach s series of discoveries At this time ture progress became rapid although the mantles 
he was engaged m an examination of the rare themselves left much to be desired Their chief 
earth substances and m the course of his defect was that during use they were found to 
researches in 1884 he found it necessary to make decrease rapidly in strength and light giving 
a great number of observations with the spectro power, besides shrinking in length and diameter 
scope Part of his method was to heat, in a The oxides which can be used m mantle making 
Bunsen flame, a platinum wire that had been are limited m number owing to the fact that they 
previously dipped in a solution of the salts to be must be able to withstand the temperature of the 
examined Welsbach found that the bght flame for long periods, and the selected oxides 
obtained in this w ay was not sufficiently per must not be liable to excessive shrinkage during 
roanent or intense for his purpose, and he dis the burning an ay of the original fabric. The 
covered that a cotton thread when dipped in a oxides of aluminium, beryllium, thonum and 
solution of rare earth salts, dried and subsc zirconium are possible substances for the basis of 
qucntly incinerated, left an oxide skeleton which a mantle, but of these, alumima and zircoma arc 
glowed bnghtly when heated Moreover, nl liable to considerable shnnkage had volatdisa 
though the cotton fibre burned away , the rare tion, so that the life of the mantle is shortened by 
earth oxides were left behind in a coherent the gradual wasting away of the threads of tbe 
thread and did not full to powder skeleton The oxide of thonum is refractor) 

\\ elsbach perceived the importance of his dis under the heat of a Bunsen burner for a much 
coverynnd, after a further senes of experiments, longer time than any other known oxide and in 
lie found that a cotton fabnc w hen shaped into a the conversion, by ignition, of thonum nitrate 
sleeve and impregnated with a solution of the into thona, the mateml expands to 10 times its 


GAS MANTLES. 


of gas mantles (rig 3) The filaments of modem 
artificial silk made bj the viscose process have jj. 
Bolid structure and are unlike the tubular fibres 
of cotton or ramie This difference m the struc 
ture of the thread ha* an important bearing on 
the ultimate strength of the mantle, although 



tho thread is only used as a temporary support 
for the rare earth salts 

As the materials employed m the making 
of artificial silk are relatively pure the amount 
of mineral ash left after incineration is negh 
giblc, and silk fabrics do not require the 
thorough washing process that I8 essential when 
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vegetable fibres nre used Because of its sobd 
structure artificial silk behaves differently from 
vegetable fibres It absorbs the impregnating 
solution comparatively slowly, and several hours 
soaking at normal temperatures are required 
to Impregnate the fabric completely Further, 
much liner jam is employed f or silk mantles 


than for those made from ramie and therefore 
the ratio of tho weight of yarn to absorbed 
nitrates is much less lienee if the viscose fabric 
containing nitrates is burned in tho usual waj 
the incineration is a ery rapid with the result that 
the oxide skeleton falls to powder In Plan 
setty’s process the impregnated artificial silk is 
dried slowly and then treated with ammonia 
solution This method of “fixing ” the oxides 
by ammonia gives good results and the resultant 
mantles are strong and flexible The action of 
the ammonia is to convert the nitrates into in- 
soluble hydroxides and the ammonium nitrate 
produced in the reaction must be removed by 
thorough washing in distilled water 

In the commercial manufacture of mantles the 
greatest possible care must be exercised at everj 
stage Iho fibre used to form the thread must 
be of oven quality and tluckncss The selected 
thread is knitted into a long tube of fabric, 
known ns a “ stocking,” by machines provided 
with a number of needles disposed in a eirclo 
and fed by one or more spools of yarn After 
leaving the knitting machines the cotton or 
ramie stockings contain impurities to the extent 
of 1%, and special care is needed to eliminate 
them as their presence even in small quantities 
adversely affects the strength and lighting power 
of the mantle to a remarkable degree The wash 
ing of the stocking made from vegetable fibro 
must be exceptionally thorough if a good quality 
mantle be required The fabric is well washed 
with boding alkali solutions, rinsed in water and 
dilute nitric acid for several hours, and finally 
washed in distilled water and partly dried in a 
centrifugal machine The drying is completed 
by hanging the fabric in chambers through which 
warm dust freo air is circulated Tho washing 
process occupies 2 or 3 days and tho mineral 
matter in the fabric is reduced to less than one 
part in- ten thousand 

The washed and dried fabric is now ready to 
act as a temporary support of the rare earth 
compounds which alone will constitute the 
skeleton of the finished mantle The impreg 
nation of the stocking with tho “ Lighting 
Fluid ’ is carried out by immersing the fabric 
in a solution consisting mainly of thorium and 
cerium nitrates The exact composition of the 
bghting fluid. vanes slightly according to the 
nature of the mantle required, but ow ing to the 
marked effect on tho light giving power of even 
Bmall deviations from tho standard mixture it 
is of the greatest importance that the proportion 
of thorium oxide to cerium oxide should bo In 
the ratio of 99 to 1 Tho thorium nitrate is 
dissolved in distilled water to form a 30% 
solution and the calculated amount of a standard 
cerium nitrate solution added With ramie anil ' 
cotton fabrics it is usual to add a small pro 
portion of beryllium nitrate in such quantity 
that the final ash contains about 0 5% of 
ben Ilium oxido The addition in small amounts 
of the nitrates of other metals such as aluminium, 
magnesium and calcium is sometimes made, Clio 
function of their oxides being to strengthen tho 
ash bj F causing a partial fusion of the ash 
skeleton A suitable formula for the lighting 
fluid for the impregnation of ramie and 
artificial silk fabrics is as follows 
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shaping the mantles consists of a row of gas 
burners mounted on a metal frame, which is 
equipped with a mechanical device for raising 
and lowering the burners Each burner is fed 
with a mixture of gas and air_ under pressure 
The flame is started with a comparatively low 
pressure of air and this is gradually increased so 
that the flame exerts a steady pressure on the 
mantle, which is held in portion by a support 
of heat resisting metal As this operation pro 
ceeds the pressure of the flame slowly moulds 
the oxide skeleton into a uniform shape while 
the toughness and elasticity increase as the heat 
mg continues The seasoning or hardening of 
the ash lasts from 3 to 5 minutes according to 
the size of the mantle being treated 
The manufacture of the mantle is now com 
plete but, to protect the fabric from the hazards 
of transport, the mantle is dipped into a solution 
of collodion which coats the ash with a thin film 
of varnish This cov enng is a specially prepared 
solution of cellulose nitrates dissolv cd in a mix 
ture of alcohol and ether to which camphor and 
castor oil have been added to prevent shrinkage 
during drying The highly inflammable sol 
\ents are removed by drying the mantles m a 
w ell ventilated hood in which the air is heated 
to a temperature of 50°C The composition of a 
suitable collodion varnish is as follows 


6 

Alcohol (Industrial) 1,000 

Ether 800 

Camphor 7 2 

Castor oil 40 

Cellulose nitrates 35 


After v nrnishin 0 and drying, the mantle is 
resistant to shock and vibration In this con 
dition it is packed and transported and the col 
lodion film is easily burnt away when the mantle 
is required for use Some ty pcs of artificial bilk 
mantles, especially those used with high 
pressure lamps do not undergo the processes of 
burning off and shaping, but are sent out from 
the factory in the soft unbumed condition In 
this case varnishing is unnecessary and the 
mantles are incinerated and shaped by the ga» 
pressure of the lighting burners, on which thev 
arc to be used 

Before leaving the works, experienced 
examiners gauge the size and scrutinize the 
fabric of even mantle In order to pass these 
tests the mantles must be uniform m length and 
shape, for a tolerance of one eighth of an inch 
only is permissible with a good quality product, 
and the n*h mu«t he entirelv free from defects 

NAitlun recent years the manufacture of gas 
mantles in England has been largelv confined 
to a few well equipped factories, each of which is 
provided with a toting room In this depart 
ment tots for durability and illuminating power 
aro made on each batch of the finished product 
The durability of the mantles is determined by 
observing their behaviour when in use for at 
least 1,000 hours and their resistance to vibra 
tion is ascertained b\ testing the mantles on a 
shock machine The illuminating power of the 
mantles is determined by means of one of the 
well known tvpes of photometer* u««l in con 


junction with a burner, the gas consumption of 
which is carefully controlled 
The discovery and development of the in 
candescent gas mantle revolution: ed the 
economic production of light from coal gas and 
Y\ elsbach a sv stem w as immediately challenged 
bv several inventions winch sought to evade the 
\\ elsbach patents A great deal of ingenuity 
was expended in devising suitable alternatives, 
chief of these being a process invented by Be 
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Mare in 1804, his idea being the use of refractory 
plumes suspended ov cr a Bunsen burner Again 
in 190^, Rene Leigle cimed this idea further 
and developed the llella ’ bushbght, i ig -1 
consisting of a tassel of refractory rods made 
from the oxides of thorium and cerium The 
filaments were raised to a brilliant incandescence 
and it wa3 claimed that the rods had a long life 
and an efficiency equal to that of the conven 
tional mantle The commercial success of the 
\\ ol»bnch mixture led al*o to the use of thorium 



483 


GAS MANTLES 


of a gas ]et impinging upon the catalyst A self \ 
lighting mantle is formed by attaching to the ' 
mantle ash a small pellet composed of a mixture 
of platinum black and argillaceous earth The 1 
device does not usually have a long life as the 
platinum black loses its activity after prolonged 
heating 

Several theories have been advanced to explain 
tho remarkable light giving properties of the 
Welsbach mantle and the more important may 


be considered under the headings of I selective 
radiation, II low heat losses and III catalysis 
I When heated to the same temperature 
platinum emitB a larger proportion of useful light 
rays than does iron oxide, and such substances 
as platinum which ndiato light and heat, are 
often described as selective radiators The 
selective radiation theory contends that the 
incandescent mantle is an cxamplo of this 
! phenomenon and the thona cena mixture cm 



plojed is remarkable for the high proportion of 
energy which is radiated in the visible spectrum 
II The mantle in the flame is in a state of ther 
mal equilibrium, receiving heat by conduction 
and losing heat by radiation Pure thorium 
oxide has a low capacity for radiating heat, and 
in consequence of this a mantle consisting mainly 
of this oxide reaches a higher temperature in the 
flame than would a mantle made from n good 
radiator such as min oxi U Cena on the other 
hand, has great radiating power, and the addition 


of largo proportions of cena to the Welsbach 
mixture causes a rapid cooling of tho mantle 
The cerium content of the mantle must therefore 
bo controlled with great accuracy It is tho 
low emissmty of thona in tho infra red range 
and the high temperature of the radiating source 
which, according to this view, leads to tin high 
luminous output 

III Tho catalytic effect of the thona cena mix 
ture on the rale of combustion of the gases at the 
surfaco of tho mantle has been investigated by 
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Conditions of manufacture at tins period stdl 
prevented rapid progress in the utilisation of 
blue water gas It has already been stated that 
the reaction between the steam and the carbon 
to produce water gas is an endothermic one, the 
heat absorbed in the reaction being made good 
by the intervening “blow*’ period, whereby 
the fuel is again raised to incandescence Theo 
retically, it should be possible to obtain the 
required heat balance by burning half the fuel 
by an air blast to producer gas and converting 
the remaining half to water gas by the steam 
reaction In practice, however the loss of heat 
due to the escape of hot producer gas and by 
radiation, etc , made it necessary to continue 
the air blast until a much greater proportion 
of the carbon in the fuel was consumed 
Had it been possible in the early days to 
recover the producer gas and bum it whilst 
hot for any purpose, the efficiency of the process 
would have been greatly increased and there 
can be little doubt that more rapid progress 
would have been made Since the producer 
gas is about 4 times the volume of water gas 
made, and as the gases are produced inter 
nnttently, the difficulty of utilising both 
appeared almost insurmountable 
When the manufacture of carburcttecl water 
gas was first successfully earned out it became : 
apparent that the producer gas the loss of 
which had crippled all water gas processes could 
be utilised for heating chambers filled with 
chequer brickwork to the temperature required 
for the thermal decomposition of the oil to 
gaseous products The oil gas thus obtained 
was mixed with the blue w ater ga9 to gi\ e the 
now familiar carburetted water gas The pro 
ducer gas formed during tho penod of raising 
the fuel to incandescence was at onco burnt, 
with a minimum loss of sensible heat in the 
superheating chambers In this way the 
efficiency of tho process was greatly improved 
The increase in tho price of cannel coal to 
wards the end of last century directed the 
attention of the gas industry in this country 
to the use of carburetted water gas for raising 
the illuminating power -of coal gas Its use m 
this respect has now ceased to be significant, but 
its value in other respects has given the car 
buretted w ater gas process an important position 
in the present day production of town s gas 
The process was adopted by the Gas Light and 
Coke Company at Beckton in 1890, and is now 
extensively used as an auxiliary to coal gas 
manufacture Many improvements designed to 
improve the efficiency of production and to 
reduce the cost of manufacture have been 
effected in recent y ears, e g the development of 
waste heat boilers the use of self elmhenng 
grates the back run process, etc They have 
contributed in no small measuro to the high 
efficiency of a modern plant as typified b\ that 
of Messrs Humphreys and Glasgow 
Just as the successful operation of a car 
buretted water gas plant depends upon raising 
the thermal efficiencv of the process bv recovery 
of the heat energy in the producer or blow gases, 
so also does that of the blue w ater gas process 
In a modem plant steam required for gas 
making is generated and may be superheated, 


and a surplus of steam is usually available for 
general process work Another factor in the 
economy of the blue w ater gas process is plant 
size It is only in w ater gas plant of large size 
that it becomes a commercial success to employ 
refinements in design that will give the highest 
efficiency from a thermal as well as an operating 
point of view (c/ N E Itambush, Proc Intemat 
Conf Bit Coal, 1931, 1, 840) 

A modern plant for the production of blue 
water gas consists of the following mam 
parts 

(1) the gas generator, 

(2) the valve control mechanism, 

(3) apparatus for the recovery and utilisation 
of waste heat, and 

(4) the gas cleaning plant 

TnE Gas Generator — The interior walla of 
early generators were constructed of firebrick 
throughout but with increase in generator 
capacity, trouble was experienced due to fusion 
of clinker with the bricks of the lining Thw 
adhered so tenaciously to tho sides of tho 
generator that tho rate of gas production was 
seriously limited Water jacketing of the lower 
part of the generator casing was therefore 
adopted and is now general practice on large 
installations The steam developed in the 
jacket is used for gas making and for tins reason 
it is usual to operate the jacket at a working 
pressure approximating to that at which the 
steam is admitted to the generator It should 
be noted that in practice the effect of the water 
jacket is to lower the fuel bed temperature with 
a corresponding lowering of tho rates for the gas 
reactions Because of this cooling effect, 
jacketed generators are not economical at low 
production rates 

As accessories to the generator, means arc 
provided for the supply of fuel under gas tight 
conditions and for the removal of ash and clinker 
The fuel bed must be maintained at tho same 
density throughout, in order that the steam and 
air may Bpread evenly over the whole area A 
mechanical fuel feeding device of the cyclic or of 
the continuous typo is essential if a gas of con 
stant composition is required Such devices 
have the additional advantage that gas making 
need not bo interrupted to enable tho generator 
to be charged Experience has shown that 
there are two causes for tho variation in ga* 
quality which is inherent in a system employing 
a static feed firstly, the fuel depth and thus 
the fuel bed resistance gradually decreases after 
charging and, secondly, the top of the fuel bed 
undergoes wide temperature fluctuations with 
each charging of cold fuel on to the hot 
bed 

The high gas pressures u«ed on water gas 
generators ami the intermittency of gas raakmg 
necessitate mechanical fuel feed designs differing 
from those used on gas producers In the cyclic 
charger the fuel is admitted as a bulk charge 
into the generator once per cycle Operation 
may be governed directly from an automatic 
valve controlling machine, so that the coke is 
admitted to the generator fuel bed at one pre 
determined point in the cvcle namely during 
the down or back run, when the top of the 
generator is free from combustible or toxic gases 



l*v rcftrcncc to a I’oncr Gas Corporation plant of five stapes (Tip 2). In the blow stage, air is 
(t'fi I )** 1 installed at Dillingham, of which a passed up through the fuel fora period of about 
full description has boon given {Fngineeruig. 1 minute, and is thenco conducted through 
192'J, 127, 318 450, 508). Ihe ejele consists ncuperators and waste heat boilers to tho 
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and coke prices encourage this procedure 
Methane al«o occurs m water gas and its presence 
lias been attributed to residual \ olatile matter 
in the coke, synthesis from carbon monoxide 
and hydrogen or from coke and steam A 
typical water gas analysis is 

CO, CO H, CH t N, 

60 40 0 510 03 37 

As steaming progresses, the fuel bed is cooled 
and the carbon dioxide and undecomposed steam 
contents increase At the same time the rate 
of gas production becomes uneconomic as shown 
diagrammatical]) m Tig 4 Heat must again 
he stored in the fuel bed by means of a blast 
During the blast the products of the reaction, 
after passing through the first shallow layer of 



Time 

Fici 4 


the active fuel bed are derived from the re 
action 

C+0,(+4N,) CO | (+4N 1 )+172,660 

B Th U per lb atom 

From the point of view of heat storage in the , 
generator it would be ideal if it remained at tins 
stage, but further reduction to carbon monoxide 
can occur by the reaction 

C4-CO,(+4N,)=2CO+ (4N,)-72,000 
HThU per lb atom 

which consumes more carbon and absorbs heat 
which aas intended for water gas production 
Higher rates of blasting decrease the extent of 
this reduction and this fact is one of the reasons 
why higher blast pressures arc favoured in blue 
water gas plant as distinct from carburetted 
water gas plant where there is an opportunity 
of utilising the potential heat of the blow gases 


As the temperature of the fuel bed rises, the pro 
duction of carbon monoxide is accelerated 
(big 5) This in\ olres the disadvantage of in 
creased thermal loss, but it makes for high rates 
of production of blue w ater gas of high quality 
If high outputs are not required, the xneon 
sistcncy may be avoided because the rate of 
steaming can be very low compared with the 
blast (cf Fuel Research Board Tech Paper 
No 43) Under these conditions the fire 
remains cool and therefore the carbon monoxide 
content m the blow gas is kept low, but the water- 
gas calorific value is maintained because of the 
low rates of steaming Such a method of opera 
tion is not commercially feasible because of the 
high capital charges involved 



Fio. 6 


As blowing proceeds and the temperature of 
the fire rises the proportion of carbon monoxide 
rapidly increases The combustion of the blow 
gas in recuperators (in blue water gas sets) or 
carburettors (in carburetted w ater gas sets) has 
been greatly improved in some recent instal 
lations In those generators fitted with annular 
boilers the blow gas at the periphery is poorer 
in carbon monoxide content than that at the 
centre and this stratification persists through 
the second vessel For thi3 reason the former 
mode of secondary air admission at the shell of 
the second x easel led to poor mixing uncertain 
ignition and incomplete combustion The 
method now adopted for overcoming this consists 
in the introduction of secondary air at the 
generator carburettor connecting mam where 
xelocities are high and good mixing results 
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Furthermore, the rate of secondary air admission 
is controlled by a creeper ” ram which is 
shaped to correspond with the increasing carbon 
monoride content of the blow gas. In this way 
the blow gas can be perfectly burnt and the heat 
made available for steam raising, oil cracking or 
interchange with back-run steam. When suffi- 
cient heat has been stored in the fuel bed. the 
blow is ended and the blow gases expelled from 
the plant bv the water gas in the purge which 
follows. 

Air— Steam Ratio. — F. J. Dent, who has carried 
out extensive water-gas trials on behalf of the 
Joint Research Committee of the Institution of 
Gas Engineers and Leeds University, has intro- 
duced a useful conception — the “ air-steam 
ratio," which may be defined as the ratio of the 
cubic feet of air supplied to the fuel bed during 
the blow to the pounds of steam passing through 
the fuel bed during steaming. The air-steam 
ratio is a fundamental factor governing the 
temperature of the fuel bed and the reactions 
occurring in it. It determines the composition 
of the blue water gas produced and the carbon 
monoxide concentration of the blow gas. Re- 
lated to the potential beat in the blow gas is the 
fuel consumption and the heat available for 
steam raising. With air-steam ratios lower 
than 30 the carbon dioxide in the blue water- 
gas increases beyond an economic limit. The 
degree of dependence upon outside steam may 
be another limiting factor. With air-steam 
ratios greater than 70 the output falls to a pro- 
hibitive point, coke consumption rises, steam 
is over-abundantly available and clinker for- 
mation is liable to disturb the fuel bed con- 
ditions. 

The influence of the air-steam ratio on the 
compositions of the water gas and blow gas is 
shown in Fig. 6. The graph also indicates the 
fall in output and increasing steam decom- 
position which result from increase in air-steam 
ratio. The fali in yield of water gas per 
1,000 lb. of coke due to the increased potential 
heat in the blow gas can also be seen. The 
graph should be studied in conjunction with 
Fig. 7, showing the influence of air-steam ratio 
on the rates of steam supplied for gas making 
and for ancillary plant as well as the rates 
of steam generation from the annular and 
waste-heat boilers. Self-sufficiency in steam 
occurs at an air-steam ratio of about 40. These 
results, extracted from F. -J. Dent’s data (Trans. 
Inst. Gas. Eng. 193-5-36, 85 ,276), refer to a 
Humphreys and Glasgow generator of S ft. S in. 
internal diameter. 

The influence of the air-steam ratio upon the 
carbon distribution per therm, of B.W.G. made 
is as follows : 


Air-steam ratio 

72 

52 

32 

Total carbon supplied - 

14-01 

11-78 

10-39 

Carbon burnt daring 




blow 

8-21 

6-21 

. 5-02 

Carbon occurring in 




B.W.G 

4-S6 

4-S6 

4-S6 

Carbon in ashes, clinker 




fliers 

0-94 

0-71 

0-51 

Total carbon in products 

14-01 

11-78 

10-39 


Vol. V.— 32 


and the_ corresponding thermal balances are 
affected in the following manner: 


Heat absorption (therms 
per therm B.W.G.) : 
Bv reaction between 


carbon and steam . 
As sensible heat in 

0-211 

0-20S 

0-203 

B.W.G 

As sensible heat in un- 

0-060 

0-055 

0-052 

decomposed steam . 

0-018 

0-022 

0-037 

By generator boiler . 
By evaporation of 

0-122 

0-103 

0-101 

moisture in coke . 
By radiation convec- 
tion (and by water 

0-010 

0-010 

0-010 

seals) .... 

0-016 

0-015 

0-015 





Heat returned to gene- 
rator by back-run 

0-437 

0-413 

0-418 

steam .... 

Heal production : 
Potential heat in blow 

0-024 

0-030 

0-050 

gas 

Sensible heat in blow 

0-572 

0-356 

0-228 

gas 

Sensible heat stored in 

0-221 

0-172 

0-140 

the fuel bed . 

0-413 

0-383 

0-36S 


Other Variable Factors. — Apart from 
alteration in the air-steam ratio, the number of 
other factors which may be varied is consider- 
able, t.g . : 

(i) The length of the cycle. 

(ii) The proportion of time occupied by the 

blow. 

(iii) The proportion of steam used, on the. 

down-run or back-run. 

(iv) The pressure of the air blast. 

(v) The depth of fuel bed. 

(vi) The nature of the fuel. 

The operation of a water-gas plant is com- 
plicated by the large number of variable factors 
involved, but by a correct appreciation of these 
factors a water-gas plant can be made a highly 
flexible machine capable of wide variations in 
output, gas quality and steam production when 
nsins a range of fuels varying in size and mois- 
ture content. 

(i) The Length of the Cycle . — This should be as 
short as mechanical limitations will permit. 
The shorter the cycle the smaller is the cyclic 
fluctuation in the temperature of the fuel bed. 
The later part of the “ run,’' which is associated 
with a high content of carbon dioxide, low steam 
decomposition and low output, is eliminated. 
With hand-operated sets it was difficult to reduce 
the cvcle below about 5 minutes, but now, with 
fullv "automatically-operated valves of refined 
design, the cycle can be reduced to about 
2 minutes 40 seconds. Further reduction is 
limited by the fact that the purging of blow 
tra s bv blue water-gas and vice versa does not 
involve a perfect separation and, to avoid ex- 
cessive loss of blue water-gas, some blow gas 
has to be accepted. The amount of blow gas 
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% Steam Decomposed 




499 


GAS, WATER. 


to he accepted and the amount of blue water- 
gas to be lost is a constant quantity per cvcle 
and Becomes an excessive proportion vita short 
cycles. Similarly the amount of steam wasted 
by being left in the carburettor and superheater 
at the conclusion of the back-run is "constant 
and its proportion increases with shorter cycles. 
The back- or down-run is followed by a second 
short up-run as a safety precaution to prevent 
air blast coming into contact with combustible 
-v.s at the base of the generator. Tnis short 
up-run represents lost time and lost steam and 
remains constant for all lengths of cycles. 
\ alve changes also occupy an appreciable time 
and wear and tear on the valves is dependent 
on the frequency of their use. 

{ ii > Tit Proporiior of Tine Occupied bp lie 
Blow . — The output of blue water-gas is depen- 
dent on the heat stored in the generator to meet 
the endothermic requirement? of water-vas pro- 
duction. This, in turn, depends upon the blow 
period if the blasting rate is constant. The 
function of a water-gas plant in the gas industry 
in meeting peak loads stresses the importance of 
high outputs. With Ions blow-periods the rate 
of steam supply has to he- correspondingly in- 
creased and this causes a lower steam decom- 
position and a poorer quality of blue water-gas. 
The efficiency of blue water-gas production falls, 
and if the gas is to be carburetted. the shorter 
rime for oil injection adversely affects oil- 
cracking efficiency. The upper limit of blow 
period is about 4S%. but for low outputs the 
blow period can be reduced, although for very 
low outputs it would probably be better to 
operate discontinuously. 

The inSuenc-e of the length of the blow period 
upon output, thermal yields and steam decom- 
position. is shown in Fig. S (ibid. 1935-36, 2S7). 
Decrease in the blow period reduces the output 
but the thermal yield is improved. The steam 
decomposition does nor increase because in this 
case the plant was operated with a constant 
carbon dioxide content in the water gas for all 
the different blow periods. This involved a 
decrease of air-steam ratio superimposed upon 
the reduction in blow period. Had the air- 
steam ratio been constant, the improvement in 
thermal yield would not have been as great and 
the steam decomposition would have been 
increased as the blow period was reduced. The 
corresponding steam balance is shown dia- 
grammatically in Fig 1 . 9. 

(iii) Tie Proporiior: of Steam Supplied on 
Down-Run or Bark-Bur .. — The proportio ning of 
up and down steaming is related to the control 
of clinker formation and its extraction by hand 
or bv mechanical grates. The maintenance of 
sood fire conditions is not as amenable to 
scientific control s is the other factors affectin g 
water-gas production, and considerable reliance 
lipg to he placed on the skill and experience of 
the gas maker. 

Control aims a* preventing the solidification 
of the mohen ash at a higher level than that at 
which it can be extracted. Bridging over of 
large masses of clinker above the zone affected 
bv the crashing mechanism of the grate would 
lead to “ channelling ” and loss of output. 
Solidification at too low a level, t.g. on the grate 


itself, would lead to clogging of the grate bars, 
bad distribution of air and steam and damage 
to the grate. 

The fuel bed in the generator can be regarded 
as being comprised of three zones — a lower zone 
(about 3 ft.) of ash and clinker, the depth of 
which is determined by the speed of the "grate, 
a middle zone (about 2 ft.) of higher tempera- 




tures where the chemical reactions are pre- 
dominant, and an upper zone (about 3 ft.) of 
coke which is too low in temperature for reaction 
because coke recently added has not had the 
opportunity to warm up to the temperature of 
the re=t of the feel bed. 

The top and bottom layers serve important 
functions as heat regenerators. Without a down- 
inn or back-run, the hot zone would rise because 
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the air Wist and steam would reach the hot 
zone with little preheating aud thus lead to a 
cooling of the first p»rt of the reaction zone 
The sensible heat of the blow gas and blue water- 
gas, however, would be partial!} transferred to 
the top zone winch would become progressively 
hotter With a down run, however, heat is 
transferred from the top la} era, therebj pre 
heating the dow n run steam before it enters the 
reaction zone lurthermore, the sensible heat 
of the down mil water gas is interchanged with 
the clinker zone The heat so stored in the 
clinker is transferred to the blast and up run 
steam The amount of down or back run steam 
has, therefore, an important influence on the 
position of the hot zone and upon the position 
of clinker formation 

Back run steam is more lull antageous than 
down run steam because it imj be preheated to 
700° before entering the generator This useful 
heat returned to the generator makes it advisable 
to use os much back run steam os possible par 
ticularly since it also lends to a reduction in the 
temperatures of the blow gas, blue gas and un 
decomposed steam leaving the generator and 
consequently to a higher thermal efficiencj 

Unfavourable clinker formation is watched b} 
periodic exploration of the fire by testing the 
ease of penetration of the fuel bed with rods, and 
occasionally a rod may be left in for a few minutes 
and when w itlidrawn, the location of bright red 
red and black sections on the rod indicates the 
zoning in the fire The grate is examined from 
below to detect the formation of clinker on the 
bars or the overheating of the grate An 
ammeter indicates excessive load on the motor 
driving the grate, whilst pyrometers fitted to the 
crushing stools or some other arbitrary part of 
the grate and a back run gas pyrometer assist in 
maintaining good fuel bed conditions The Fuel 
Research Board (Technical Paper No 43) have 
made a study of the factors leading to clinker 
formation 

The annular boiler, which is usually installed 
With a mechanical grate, maj raise 35 lb of 
steam ]>cr 1,000 cn ft of water gas and it is 
customan to operate these boilers at about 35 lb 
pressure and tmplo} the steam produced for 
process purposes but w iter tube boilers can also 
be fitted to generators and work up to 150 lb 
ptr Btj in The annular boiler derues its heat 
nartlv from that which w onld otherw in bo lost 
b} radiation, parti} from the sensible heat of 
the gases, but also bj conduction from hot coke 
in tho generator The extent to which this con 
duction occurs is difficult to assess and a simple 
comparison with a bnck lined generator is not 
possible because of compheation by other 
variables 

(u ) The Prtssure of the Air Blast — The ad\ an 
tage of raising the blnst pressure is particularl} 
great in the production of blue water gas when 
then, is smaller use for the j*>fintia3 heat of the 
blow gas W atir gas plant is comuionlv operated 
at a blast pressure of about 22 in w g , but recent 
plant have eroploved pressures as high as 50 in 
and this, in fact, is common practice in America 
This high pressure necessitates deepening the 
wet seats on tho generator or, more usually, 
adopting a dry grate 


Increasing the blast pressure involves a shorter 
lime contact and less loss in the form of carbon 
monoxide m the blow gas This increases the 
heat stored in the fuel bed and hence tjio thermal 
efficiency of blue water gas production, but it 
lowers the waste heat steam generated llu. 
proportion of the cycle occupied In the blow is 
reduced and the plant output increased Limits 
to the blast pressure are set b} the loss of coke 
blown from the fire and the increa-ed difficult 
due to clmker formation 

J G King audit II U ilhams (F IU1 Tech 
Paper No 43) lmc also studied the effect of 
sanation in rate of blowing and have developed 
an equation from winch variation m blow 
gas composition with blast pressure raa} be 
inferred 

(v ) The Depth of Fuel Bed — The fundamental 
incompitabihtj of the need for a shallow fuel 
bed during the blow and a deep fuel bed during 
the steaming baa led to special designs of plant, 
eg Kramer and Aarts (J Gasbeleucht 1003, 
46, 921) This consists of twin generators 
operated in parallel during the blow and in 
senes during the run The Dellwik Fleischer 
generator operates with a shallow fuel bed and a 
low steam rate (ibid 1900, 43, 354) 

In plant of more orthodox design it is cus 
tomary to have a fuel bed of 6ft , and variation 
of this depth is suggested bj F J Dent (Trans 
Inst Gas Eng 1935-36, 222) to compensate for 
fluctuations m coke size and wetness No 
advantage is to be gamed by adopting a shallow 
fuel bed as standard because costa rise ns a result 
of a lower thermal j ield of ga9 and the g is output 
is reduced 

The fuel bed functions as if it were a reaction 
zone between a mass of coke and a mass of 
clinker which act ns beat generators Reducing 
the depth increases the loss of sensible heat from 
the fuel bed Tho optimum depth is therefore 
that which avoids excessive loss in sensible, heat 
in tho gas without causing undue resistant e to 
gas flow 

(vi) The Mature of the Fuel — The carbonaceous 
materials that Lave been used for production 
of water gas include coke bituminous coil semi 
coke crude lignite and lignite briquettes Then 
var> in their volatile matter content caking 
power, tendencj to disintegrate grading nsb 
fusibihtj and inherent reactivitv Generator 
design has therefore, been modified to overcomo 
the special difficulties For example, a foe) 
containing appreciable volatile matter ma} ho 
gasified in a generator fitted with a super 
imposed carbonisation shaft in w bicb the sensible 
heat of tho water gas produced in the generator 
proper is used to expel the volatile matter in the 
freshly fed material 

In this country, where coke is commonly u>ed 
it is recognised that desirable characteristics are 
(a) large size and uniform grading (since these 
influence the resist met of the fire and affect the 
time of contact), (fc) a high density which per 
mits the use of a high blasting rate without 
unduo loss of fuel clue to blowing over as 
fliers, and (c) an ash which does not clinker 
readily 

If a material screened above I| in with 25% 
above 3 in is u«ed. the gas output is about 20% 
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greater than when 4-1 in. material is gasified. 
Thermal vields would he in the same ratio, due 
to the greater amount of potential heat lost in 
the blow gas on account of the greater surface 
presented to the gases as well as to the lower air 
rates. These losses can be reduced by adopting 
a shallower fuel bed. Where the lower cost of 
smaller fuel compensates for the reduced out- 
put and thermal yield, lower grade fuels can be 
satisfactorily employed. 

3Xoistnre in the coke has to be evaporated bv 
the gases leaving the generator and conse- 
quently the temperature of these, gases is 
decreased. This fall in temperature may lead 
to difficulty in igniting the blow gas and may 
require a change in air-steam ratio to com- 
pensate for it. 

The reactivity of a fuel bed is a function of its 
temperature, the surface presented and the 
inherent reactivity. Tire temperature is limited 
by that at which clinkering occurs, whilst the 
surface presented is determined by the size of 
the coke, bnt small coke has overriding dis- 
advantages in other directions. A high in- 
herent reactivity is desirable since, for a given 
rate of steam decomposition, there is a lower 
operating temperature and there are smaller 
losses.in sensible heat from the generator. A 
low reactivity to carbon dioxide and a high 
reactivity to steam would be desirable in water- 
gas production, but these two reactivities are 
usually parallel. Furthermore, initial reactivity 
is affected by the heat treatment the coke 
receives in the top of a generator before it 
descends into the reaction zone. The Fuel 
Research Board (l.c.) have made comparisons 
of the performance of a water-gas plant when 
gasifying horizontal-retort coke, vertical-retort 
coke and semi-coke. The tests were carried 
out at eqnal air rates and the water-gas outputs 
rose with increasing reactivity, viz. 39-7. 42T 
and 45-6 therms per hour. The increase in the 
output with semi-coke was partially due to 
residual volatile matter. The water gas from 
the semi-coke did not show a higher carbon 
dioxide content, indicating that the effect of 
any lowering of the fuel-bed temperature is 
counterbalanced by the greater reactivity to 
steam. Thermal efficiencies were similar because 
increased reactivity also involved increased 
production of carbon monoxide in the blow 

Coxxrxrors Water-Gas Pr-onrcriox. — It 
has been made clear that when the necessary 


f transfer. A generator of 220 sq. ft. cross- 
section is capable of the enormous output of 
42 million cu. ft. of water gas per day. Generators 
of this type are employed at Oppau and Lenna 
in Germany for the production of hydrogen for 
ammonia synthesis and coal hydrogenation. A 
proportion of the fine fuel is blown over and 
provision has to be made for freeing the gas from 
dost by means of direct coolers and electrostatic 
precipitators. Typical gas compositions have 
been given (Genie Civil, 1930, 109. 105) : 



1 Gasifying 

mixture. 

Composition. 

i Oxygen 
) and 

1 steam. 

! Oxygen, 

I air and 

1 steam. 

Composition : 

1 or 

O' 

CO 

13-20 

15-2 

CO 

47-36 

320 

H. 

39-11 

29-7 

CH, 

n-6-0-1 

1-3 

N, 

0-4-0-5 

20-9 

Raw materials per cubic 
metre of gas : 



Fuel (kg.) .... 

0-62 

0-5 

Air (cubic metres) . 

— 

0-23 

Oxvgen at 95% purity 

0-27 

0-17 

Steam (kg.) . . . 

0-3 

0-2 



heat is supplied by blowing with air. the intro- 
duction of atmospheric nitrogen necessitates the 
discarding of the blow gases and the operation 
of the plant cyclically. It is possible, however, 
to supply the heat of reaction by the use of 
oxygen with the steam. See H. J. Hodsm.in 
and -T. W. Cobb (Trans. Inst. Gas Eng. 1919-29, 
429) and F. .T. Dent {ibid. 1930-37. 120). 

The continuously operated Winkler generator 
■ Fig. 10} employs a mixture of. oxygen and 
superheated steam, the fuel being small (up to 
0 mm.) dried brown coal or semi-coke derived 
from brown coat. The velocities, of the incoming 
gas*~ are such that the furl in the generator K 
kept in a state resembling ebullition, a condition 
which favours intimate contact and good heat 


Fig. 10. 

The high proportion of oxides of carbon is due 
to admixture of the combustion products and 
carbon with the water gas and al=o to the high 
percentage of oxygen in the original fuel. 

The Luigi generator (Fig. 11) mnri-N of n 
water-jacketed vessel of about :: ft, 9 in. internal 
diameter which operates with a IP ft. fuel bed. 
Operation of the process ri restricted to non- 
caking coari; a large-scnfr plant at Zittnu 
operates on lignite (<-/. Arch. Warrotnjrt. 1 93 S, 
9. 201). The gasifying medium r- wrist*: of a 
inixture of pre-Le.itrd ovvg< n and .'team at 
about 20 atm. and this pres-un. i- maintained 
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m the generator The fuel is fed into the 
generator by means of a feed chamber haung a I 
bolted coxer plate above and a cone feed \alve 
below With the chamber full of fuel, charging I 
consists of equalising the pressure in the 
generator and the feed chamber, and then lower 
ing and replacing the cone valxc After blowing 
off the gas contained m the feed chamber, the 
cover plate is removed and the feed chamber 
refilled with more fuel A Bimilar device below 
the grate permits the intermittent withdrawal 
of the ash Gas production proceeds con 
tmuously High pressure is adopted because 
it is found that a process is superimposed upon 


Coat 

♦ 



the water gas production which leads to the pro 
duction of methane in the upper part of the fuel 
bed This production is favoured by pressure, 
and it would appear that the mechanism depends 
upon the hydrogenation of the fixed carbon 
of the fuel (Trans Inst Gas Eng 1938-39,150) 
F Danulat (Mitteil der MctallgeseLhchaft 1938 
Jso 13) has given details of the operation and 
wording results with a plant of this type An 
output of 0 62 million cu ft of gas of a calorific 
value of 440 B Th U per cu ft was obtained 
and the oxygen requirements were only 15° 0 of 
the volume of gas produced The composition 
of the gn« lx- fore and after washing tinder 
pressure is 



Crude | 

Furified 

co 2 +h„s 

306 ! 

% 

10 

CnHm 

06 

05 

o 2 

01 

0 1 

CO 

16 5 

22 S 

h 2 

34 0 

48 7 

ch 4 

16 3 

22 fi 

N* 

1 9 

21 


The advantages of operation under pressure 
besides the raising of the calorific xalne, are 
(i) low \ elocities through the fuel bed (u) simph 
fication of purification and of benzole stripping 
from the gas and (m) ease m transmitting the 
gas over long distances 

It should be noted that the practice of steam 
ing adopted in the production of town s gas in 
the continuous xertical retort is an example of 
continuous water gas production Here the 
heat of reaction is derived partly from the 
sensible heat in the coke and partly from heat 
transferred through the retort walls (c/ M 
Barash and T M Tomlinson Proe Intern Conf 
Bituminous Coal 1931, 1, G9o) 

The Pintsch Hillebrand generator produces 
water gas continuously without the me of 
oxygen The plant consists essentially of a 
generator mounted upon twin regenerators 
Provision is made in the generator for the oar 
bom^ation of lignite briquettes in its upper half 
and for water gas production m the lower half 
Each i art has a separate off take Some of the 
water gas made is mixed with the products of 
carl omsation demed from the upper section 
and is then preheated in one of the regenerators 
The heated gas mixture is then led into the fuel 
boil where its sensible beat is expended in the 
carbonisation of the coal A portion of the pre 
heated gas is reserved for combustion in the 
second regenerator, where it is burnt with air 
which mav be mixed with waste gas to lengthen 
the flame By this means the temperature of 
the regenerator chequer work reaches about 

I 300° The regenerators are changed oxer 
every 15 minutes Where an external supply 
of gas is available for heating the output of gas 
from the generator may be increased by as much 
as Go° 0 A description of the operation of a 
plant of this type has been gn cn by II Muller 
(Chem Fng Congress M orkl Power Conf 1936, 
E5) w ho discusses the advantages of xvaler gas 
as a source of h\ drogen 

IXDCSTBUI VlTIICXTIONS \\ ATEK GAS — 

II alcr Gat at a Source of Hydrogen — The in 
dustnal demand for large quantities of cheap 
hydrogen has acted ns a great stimulus to water 
gis production In the synthetic amminii 
industrx, for example the main factor in tin cost 
of production is the cost of the hydrogen {« 
Ammoma, \ ol I p 334) 

Methods based on water gas production which 
are nvailalle for the manufacture of hydrogen 
on a large scale include the following 

(1) The production of water gas from coke 1 \ 
tl e normal (discontinuous) method followed by 
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conversion of the carbon monoxide to carbon 
dioxide and its e limina tion 

(-) The production of crater gas from coke by 
s continuous method employing oxygen and 
steam. 

13) Tie production of mater gas from ignite. 

(4) Tie decomposition of gaseous hvdro- 
carbons by means of steam. 

(5) Reduction of iron oxide to iron by mater 
ga~ mHomed by the passage of superheated 
steam over the iron to form iron oxide and 
hydrogen (Lane process). 

The production of hydrogen by such processes 
mill be treated under Hydsooex. 

Sm.ffz.si? Gas. — There is required for the syn- 
thesis of methanol or the Fischer synthesis of 
hydrocarbons, a gas inmhich the ratio of carbon 
monoxide to hydrogen is 1:2. The ratio of 
CO/H. in normal blue mater-gas is 1:1-23 and 
the foEoming methods are employed to produce 
from it a gas of the required composition : 

(1) Production of blue mater-gas, its purifi- 
cation from snlphur compounds and the con- 
version of some of the carbon monoxide into 
hydrogen by catalytic interaction mith steam. 

CO-yH.O=CO i y-H 2 . 

The unconverted and converted gases are then 
mixed to obtain the correct proportion of 
hydrogen to carbon monoxide. 

(2) Modification of the mater-gas process by 
introducing debenzolised coke-oven gas along 
mith the steam during the “ make " mhereby 
the reaction 

CH 4 -H ; 0=C0-f-3H ; . 

augments the hydrogen of the blue mater-gas 
and the hydrogen of the coke-oven gas. For 
109 vol. of blue mater-gas. TO voL of coke-oven 
gas are needed to give a total of 220 vol. of 
synthesis gas. 

(3) Gasification of semi-coke in an ordinary 
mater-gas generator goes part of the may to- 
mards the required ratio, f y. 54% H» to 36% CO 
can be attained. The volatile matter of semi- 
coke is rich in hydrogen and most of this re- 
ampeats in the mater gas and enriches it in 
hydrogen. 

The coke ovens from mhieh the coke fuel for 
the mater-gas sets is obtained may conveniently 
provide extra hydrogen. 

* Another industrial appEcation of mater gas is 
found in nickel metaEargv. mhere both the 
carbon monoxide and the hydrogen in the mater 
gas are recruited in the manufacture of metaEic 
nickel from the ore by the ilond process (cf. 
Anon., Ind. Chem. 1934, 10. 253). The ore 
consists essentiaSy of a mixture of the sulphides 
of nickel and copper and. after extraction of 
the copper, the matte remaining contains about 
56% of nickel. The operation for extracting 
the nickel consists in reducing it to the metaEic 
state by means of hydrogen. foEomed by ex- 
traction mith carbon monoxide as nickel car- 
bonyl. mhlek is then decomposed to give the 
metal. It is not necessary ’ to separate the 
hydrogen for the reduction : a supply of mater 
gas is passed directly through the reducer. The 
reduction process is interesting in that it is 
accomphshed at so lorn a temperature that the 
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carbon monoxide effects only about 3% of the 
reduction, some 97% being due to the hvdrogen. 
The reaction mith hydrogen, although an endo- 
thermic one is. at the temperature employed, 
from 20 to 40 times as rapid as the exothermi 
reaction mith carbon monoxide. The result o 
this great activity of the hydrogen in the reduc- 
tion is to give an end gas mhieh is very rich in 
carbon monoxide and is thus suitable' for the 
formation of nickel carbonyl. 

H. H. and W. A. V. 

GAT i ERMANN REACTION (>-. Vol. 
Ill- 5S5d). 

"GAUGING PLASTER" (r. Voi. n, 
132d). 

GAULiHERIN fMbnotropin}. the parent 
glycoside of methyl salicylate, obtained from 
Gr.uitfuna procurtibcrs L.. it contains the disac- 
charfde. primeverose (Bridel. C'ompt. rend. 1925. 
180. 1864). 

GAUL i HER f OS IDE. A glycoside ob- 
tained from Gaidtf.eria pracuir.ber.? L. It has 
m.p. 185". [c] D —58-07- (anhyd.). and yields on 
hydrolysis ginc-ose. xylose and EtOH (.J. 
Rabace and S. Rabat e. Bull Soc. Chim. biol. 
1931. 13. 604). 

GAUSS CELL (r. Vol. ELL 54d). 

GEASE (r. Vol. IT. 3145. 39 Id). 

GEDRITE (r. Vol. L 302d). 

GEGEN IONS (/-. Vol. III. 2S4uj. 

GEHLEN ITE (r. Vol. H. 146d). 

G E IJ EREN E . The hydrocarbon, osijerene. 
C I2 Hjj. b.p. So 1 / 17 mm, dpi 0-S70. % I-4SSS. 
[c] D P0~. occurs in the essential ofl from Geijera 
perrifora (Penfold. J. Proc. Roy. Soc. STem 
South Tales. 1930. 64. 264: Penfold and 
Simonsen. ibid. 1 932, 66. 332). The hydrocarbon 
is monocyclic and contains three ethylenic 
linkages, one of mhieh is present as a methylene 
group, but no further evidence as to its structure 
is available. Hexcf’jd rocs ijerene. b.p. 96720 
Turn. , dpi 0-8373, 7% 1-4577. has been prepared 
bv the catalviic hvdrogenation of geijerene. 

J. L. S. 

GEIN (r. IV, 39-Pi). 

GEISSOSPERMUM VELLOSII, AL- 
KALOIDS OF. From the bark of Geisso- 
ipenr.um Ydlosi i (Fam. Apoeynscete) (syn, 
Tabemaemontana Ire vis VeE.. Geissospermum 
lave (TeEozo) BaiEon, vnlg. Pao Pereiro. Pau 
Pereira) an amorphous bromnish-yeEom extract 
is obtained mhieh since long is used as a febrifuge 
under the name of " pereirine " in Brazil. For 
history and botany of pereiro-bark. tee Ray- 
mond-Hamet. 'Bull. Sci. pharmacol. 1937, 44. 
449. 

It mas Hes-e mho first isolated from pereiro- 
bark the tmo alkaloids erisfospermire (I) and 
pereirine (II) (Annalen. 1SS0. 202. 141) and a 
third alka loid rsJlosine mas found by Freund 
andFavet (Ber. 1893. 26. 1084: Annalen. 1894. 
282. 247). P.eferences to early literature may 
also be found in the papers by Bertbo and co- 
workers (Ber. 1931. 64 f B j. 22/8? Annalen, 
1934. 509, 241) mho re-examined the plant and 
c-ave the foEoming det ails : 

= Gti'-Oipzrrrini (I). C 40 H- 0 O-N ,4 HH-O. 

from aqueous MeOH. — H>I-9 : (EtOH) 

or (I) — 2H.O from ethyl acetate or benzene 


o 
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[«]*> -108 2° (EtOH) Two of the four N 
atoms of geissospermine are basic, it yield* 
neutral salts with 1 mol of a dibasic acid and 
combines with 2 mol of methyl iodide The 
salts are crystalline, it contains one OMe 
group and a labile basic N Me group I or colour 
reactions, see Raymond Hamet (l e ) 

Pemnne (II). C J0 H J8 ON 2 0 5H 2 0, [a] D 
+ 137 5°, amorphous, yellowish coloured powder 
with intensely bitter taste (whereas (I) is taste 
less) (II) is obtained from the mother liquors 
of (I) and is readily soluble in EtOH MeOH, 
EtjO, ethyl acetate, benzene, and CHCI 3 
(II) does not contain -OMe or -NMe groups 
The salts, the methyl ether, and the methiodide 
are also amorphous 

Vellosine (III), [a] D +22 8°, 

m p 189°, crystallises from EtOH, it contains 
two OMe groups and behaves as a mono 
acidic tertiary base. The salts are crystalline, 
and physiologically it resembles brucine 
The constitution of the three Geissospermum 
alkaloids is unknown although the work of 
Bertho and co workers makes it probable that 
these alkaloids are indole or perhaps harmano 
dematives By treating geissospermine with 
alcoholic H Cl its apparently symmetrical mole 
cule is split into two equal halves 

C^H^NjOj+IHjO, 

—57 4°, m p 115°, amorphous readily 
soluble in MeOH, EtOH acetone, etc, only 
slightly soluble in benzene, CHCI S and Et a O 
The salts and the methiodide are also amorphous 
rreiso (Pharm Ztg 1936 81, 241) has isolated 
from strychnos epp curare hke alkaloids among 
which there is a base very similar to or identical 
with vellosine 

Schl 

GELATIN —Gelatin is the -first hjdrolytic 
product of collagen Commercial gelatin is the 
purest form of glue (q v ) and is made from hide 
or skin trimmings or bones by similar methods 
but with greater precautions to ensure purity 
especially in tbc case of the photographic and 
edible varieties 

JIamufactobe — (a) Hide and Skin Gelatins 
— These constitute a large proportion of the 
supply The raw material has to be carefully 
chosen Hide and calf pieces (trimmings such 
as ears, cheek pieces, pates, fleshings, etc ) 
make the best gelatin Sheep spetches, hand 
fleshings and goat and deer pieces are also used 
but give a darker product These may come in 
the green or dry Btate from the slaughter house 
or after treatment with a lime suspension from 
the tanner} The presence of sodium fluoride or 
eilieofluonde in the curing salt does not lead to 
an abnormal amount of fluorides in the gelatin 
(Jordan Llojd, Collegium, 1933, 698, J Soc 
I^at her Trades’ Chem 1934,18 501), but arsenic 
and bacterial contamination must be absent 
The first process is a thorough washing in 
tumbler or barrel mills to remote salt from 
“green* stock and cleanse limed stock It is 
customary to run the material through a shred 
ding or pulping machine at this stage to obtain 
greater umformit\ in the subsequent treatment 
The second process consists in treatment with 


a lime suspension This extracts some of the 
non gelling constituents, saponifies fatty material 
and opens up the collagen fibres, causing separa 
tion into fine fibrils which, in their turn, ore 
separated further into the long col'oidal mole 
cules of gelatin, which are soluble in hot water 
This liming operation is carried out hj dumping 
the stock into concrete or wooden \ at 9 contain 
ing the lime liquors and turning frequently to 
ensure e\en distribution Several complete 
changes of lime liquor are used and the total 
amount of lime required vanes from 5 to 10% of 
the weight of the stock, and should be free from 
iron and manganese The time taken depends 
on the kind and condition of the stock and maj 
be 14-60 days Treatment is complete when 
the stock is plumped and relatively free from 
grease The time may be reduced by the use 
of 1 sharpeners such as caustic soda The 
temperature is a very important fictor and 
should not exceed 20°C otherwise the gelatin 
yields sensitive emulsions which tend to fog 
The whole process should bo very carefully 
controlled to avoid bacterial growth which is 
liable to be present in old liquors 

The third process is a thorough washing in the 
mills which should not be continued after the 
wash water runs clear and shows only a faint 
colour with phenolphthalein Prolonged treat 
ment results in the hydrolysis of the gelatin, 
which reduces the gelling temperature, the 
melting point and the viscosity The water 
supply should contain not moro than 10-15 
grains per gallon of calcium and magnesium 
salts, and be as fiee as possible from iron, 
hydrogen sulphide sodium carbonate chlorides 
ammonia moulds and bacteria Salts tend to 
soften and liquefy the gelatin iormaldchydo 
(1 in 100 000) or other antiseptic may be added 

The fourth process is careful neutralisation 
with sulphuric or better, hydrochloric or sul 
phurous acids The acid is added to the wash 
water in the mills to get even action Sulphuric 
acid gives calcium sulphate which is difficult to 
wash out Hydrochloric acid must bo free from 
traces ol iron and arsenic Sulphur dioxide is 
very detrimental in high quabty gelatin The 
stock should be rendered neutral to Methyl 
Orange or Congo Red and must not redden 
phenolphthalein Acidity and alkalinity both 
lead to hydrolysis m the cooking and so it is 
necessaiy to bring the stock to a neutral con 
dition w it h a ji n value of about 5 0 (Goebel 
Gelatin 1934, 2 66 75) It is then well washed 
with cold w ater in a revolving cylinder or paddlo 
to remove the salts formed in order to obtain a 
product with a low ash 

The fifth process is the cooking which is 
usually carried out in large aluminium or 
wooden vats provided with water feed pipes 
and fal-e perforated bottoms, below which aro 
steam coils for injecting steam The stock is 
covered with hot water and heated Tor higher 
grades of gelatin temperatures from 55-8(PC 
ore maintained for several hours Fractionated 
cooking is usually practised the liquor being 
drawn off through a valve in the bottom of the 
sat, fresh w ater added and afurther extraction 
made at a slightly higher temperature The 
first and second runnings are the best, the third 
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and fourth yielding size. The residue is used as 
a fertiliser. In France, batteries of closed metal 
kettles are in general use. 

Tne sizih process is clarifying by settling or 
press filtration. The liquor from' the boilbm 
doors i= sometimes rim into large shallow vats 
and kept warm so that the grease rises to the 
surface and insoluble matters separate out. 
Usually the liquors are passed through coarse 
filters to remove undissolved organic matter, 
albumins, mucins, lime soaps and mineral 
particles. Further filtration is then effected by 
the use of press filters filled vdih cellniose. Or 
the liquors may be clarified by the use of potash 
alum or the addition of egg albumen solution to 
the cool mixture, the temperature then being 
gradually raised until coagulation takes place. 
After settling for some hours the clear liquor is 
siphoned off and filtered. 

The sicerf/, process is concentration. This 
cannot be effected by simple evaporation because 
a skin would form and the interior portions 
would lose their jellying power. The aerobic 
system consists of rotating cylinders half in 
and half out of the liquor at 70-SO'C. The 
Taryan or climbing film type of evaporator 
(r. Evaporation', YoL FT, 40!?d) is in more 
general use because heating at 70 "C. impairs 
the setting power of the gelatin. The wafer- 
absorbing capacity of gelatin depends upon the 
concentration at vrhich it is set prior to drying. 
For thin sheet varieties this is usually stopped at 
3-6% as shown by a hydrometer, and setting is 
effected by chilling in shallow metal trays in a 
refrigerator, or by feeding over a series of slowly 
moving chilling rollers, cooled internally by 
brine. ~ The operations of chining, cutting up. 
placing on metafile frames and drying are 
usually carried out by machine so that the 
gelatin is not touched by hand. 

The dor, If. process consists in bleaching -with 
sulphurous acid or hydrogen peroxide, but this 
is only necessary where low grade raw material 
has been used. 

The r.irJh process, the drying, must be very 
carefollv controlled because slow heating 
fsvours'hydrolysis, bacterial and mould growth, 
whilst prolonged heating impairs the gelati ni si n g 
power. The temperature must not exceed 20~C. 
or the gelatin may soften or melt. It is thus 
best to drv in eaevo or in a chamber in which 
the velocitv. temperature and relative humidity 
of the air current are controlled. The speed of 
the hvarolysis is least if the p E range is 4-7-6-0 
(Srupholme. Food Manuf. 193S. 13. 46). The 
water-content should be reduced to 10—15%. If 
higher a flexible product with poor keeping 
Quslitv is obtained. If lower the gelatin is 
brittle* and has reduced jellying power. Sheet, 
cake. leaf, pearl, powdered. Sake, kibbled and 
pressed foam preparations or gelatins (Sheppard 
and Hudson. led. Eng. -Chem. 1936, 28, 422) 
are on the market. 

(6) Bot.z Gdniin. — High-grade commercial 
gelatin is also made from ossein and horn-pith, 
whilst horns, intestines, bladders, fish-bones, etc.. 
are used for the crude varieties. The ossein is 
made bv slowly pumping 6-8% hydrochloric- 
acid (free from arsenic and iron) in counter- 
current sTstem through the degreased bones in 


large wooden vats for 5-10 days to remove the 
mineral constituents, chiefly calcium phosphate 
and carbonate. The acid liquor, saturated with 
the calcium salts, is discharged for recoverv of 
the phosphate for use in fertilizers, hone china 
and phosphate baking powder. Sulphuric acid 
is not suitable owing to formation of insoluble 
calcium, sulphate. A solution of sulphurous 
acid in a closed tank is frequently used because 
it bleaches and can he recovered. ' It is necessary 
to remove by thorough washing all the mineral 
constituents from the bones and the soluble salts 
formed. The residual acid is neutralised with 
lime-water. The ossein is then limed for 6-7 
weeks with lime suspensions to plump it and 
remove the mucins. The effect of liming is dis- 
cussed by L. Hennier and P. Audry (J. Soc. 
Leather Trades' Chem. 1935. 19, 40S). It is 
then treated as with hide gelatins. The yield 
from ossein is 65-85% of gelatin. 

Properties. — The properties of gelatin are 
influenced by the collasen from which it was 
made, by the concentration at which the strong 
solution set, by even small traces of mineral salts 
and by drying. Commercial gelatin contains 
1-2% ash of which G-2-0-5% is lime. 8-15% of 
water; gelatoses and peptones. Bone gelatin 
contains traces of sulphites and phosphates 
(Procter, Kolloid-Beih. 1911, 2, 243). This is 
no disadvantage either for edible uses or for ad- 
hesives, but farther purification is necessary for 
some photographic gelatins and to obtain a pore 
material for research purposes. Purification can 
be effected by washing with a mixture of dilute 
hydrochloric add and sodium chloride, and 
dialysing at the isoelectric point (pg 4-7) until 
free from chlorides (Smith, -J. Amer. Chem. Soc. 
1921, 43. 1350; -Jordan-LIoyd and Pleass, 
Biochem. -J. 1927, 21, 1352), or it can be effected 
by electro-dialysis, which is stated to effect the 
separation of a more soluble and a less soluble 
form (Schryver and Thimarm, ibid. 1927, 21. 
1284; Knaggs and Schryver, ibid. 1924, 18. 
1079) or by electrolysis' of a gelatin gel between 
platinum electrodes (-J. Swyngedauw, Compt. 
rend. Soc. BioL 1937, 126, 33, 35 ; Kolloid-Z. 
1938, 83, 230). Electrolyte-free gelatin acquires 
the power to fiocculstegoldsols after ultra-violet 
radiation. 

Gelatin is generally an amorphous, brittle, 
transparent, colourless, tasteless, inodorous sub- 
stance. It is neutral to test paper and absolutely 
permanent- in dry air. When moist or in solu- 
tion. it rapidly putrefies and possesses the 
characteristic property of becoming acid at the 
commencement of the change, although am- 
monia is finally evolved. It has a specific 
gravity of about 1-3 and no definite melting- 
point.* but begins to soften with decomposition 
at about 140'C. It is insoluble in cold water, 
alcohol- chloroform, carbon disulphide, ether or 
hvdro carbons but dissolves readily on heating 
with benzyl alcohol (Overhoff. 10th Intemat. 
Consr- Chem, Borne, 193S; -J. Soc. Leather 
Trades' Chem. 193S, 22. 473). It dissolves in 
warm water (except if pure, when it is only very 
slfehtly soluble even at 100‘C.) forming elec- 
tricafiv neutral, multipolar zwitterions at the 
isoelectric point (p H 4-7). The solution^ con- 
tains a large amount of gelatin A, which is 



506 


GELATIN. 


b table above 35°C and has a specific optical 
rotation of —313°, and very little gelatin B, 
which is stable only below 15° and has a specific 
optical rotation of —141® (Smith, J Amer 
Chem Soc 1919 41, 135) Salts reduco this 
mutarotation A crystalline variety of gelatm 
also exists (Bradford Nature, 1923, 111, 200) 
Gelatin dissolves in dilute salt solutions and 
its solubility greatly increases in strong solutions 
of nitrates iodides and eulphocyamdes and in 
strong solutions of urea A 15% barium chloride 
solution dissolves sufficient gelatm to make it 
syrupy and the solution keeps well Strontium 
chloride has a similar but less effect It is 
readily soluble in N/l sodium Balicylate It is 
soluble in concentrated acetic acid and in 
mineral acids, and loses its gelatinising power, 
but the solution forms a powerful cement for 
glass, etc Dumoulin'e liquid glue consists of a 
solution of 2 lb glue or gelatin m 1 quart of 
water and 7 oz nitric acid (1 355 sp gr ) 
Gelatm is soluble in the cold m alkalis and this 
solution, as well as the acid solution is laevorota 
torj On the other hand, gelatin reduces the 
solubility of easily soluble salts and increases 
the solubility of difficultly soluble salts More 
hme is dissolved by gelatm solutions than by 
water 

Ash free gelatin contains 49 4% of carbon, 
6 8% of hydrogen 18 0% of nitrogen, 0 7% of 
sulphur and 25 1% of oxygen (Chittenden, 
J Physiol 1891 12, 33) Later analyses con 
firm the presence of sulphur but it is difficult to 
obtain it free from ash and peptone Dakin 8 
technique (Biochem J 1918, 12 290, J Biol 
Chem 1920, 44 499) for separating individual 
amino acids in protein hydrolysates by extrac j 
tion with butyl alcohol accounted for 91 3% of 
the amino acids separated or else estimated from 
van Slykee data (ibid 1911 9 185) This is 
equivalent to about 80% of the molecule 
Atkin (J Soc Leather Trades Chem 1933 
17, 675, 1937 21, 513) has amended the 
percentages of the various ammo acids thus 
accounting for 79 27% of the gelatin molecule, 
V5T>% g'lycine, 'll) 4% proline and "14 ¥% 
hj droxy proline are the main constituents 
Tryptophane is absent but histidine, tyrosine 
and cystine are present in small amounts The 
part unaccounted for corresponds to mono 
amino acids only and its average residue weight 
is 123 The whole number of molecules of 
amino acids is 3G0 in a molecular weight of 
34,500, which is in harmony with the a\ erage 
dimensions ns deduced from A ray analyses 
Astbuiy and Atkin Nature, 1933, 132 348) 

The properties of gelatin solutions are greatly 
influenced by their p a value The solubility 
and degree of dispersion in solution increases 
rapidh on either side of p u 4 7 On the acid 
side, the curve of combined acid rises regularly 
with decreasing p„ up to a level region at about 
V h - The curve of combined alkali rises 
rnpidlv with increasing p tt until nearly p B 7, 
then gets less steep, but rises again at higher p a 
values Neutral salts cause increased fixation 
of acid and alkali On deamination there is a 
fall in the acid binding power and in the 
swelling 

Gelatin is completed precipitated by half 


saturation with ammonium, zinc or magnesium 
sulphates, sodium chloride in the presence of a 
little acid, trichloroacetic acid and phospho 
tungstic acid A saturated solution of picric 
acid completely precipitates gelatin at 8°C On 
the other hand it fails to give the glyoxyhc, 
Millon and sulphur tests (in spite of the presence 
of sulphur) and produces only a slight xantho 
proteic reaction It is not precipitated by 
normal lead acetate or ferrocyamc acid Thus it 
is not a typical protein and resembles the 
albumoses 

Gelatin is precipitated by tannin in acid solu 
tion, provided that it is not present m excess, 
forming a compound of variable composition 
which is not capable of employment as a leather 
on account of its lack of structure It is also 
“ tanned ’ by salts such as alum, chrome alum, 
basic chromic and iron salts, which dimmish the 
solubility and raise the melting point of the 
jellies Bichromated gelatin which becomes 
insoluble and does not absorb water after ex 
posure to light, is used in carbon printing, photo 
lithography, other photo mechanical processes 
and m cement making Gelatm also combines 
with silver in alkabne solution to form gelatm 
silver compounds, which blacken on standing in 
the light Gold chloride, platmic sulphate, 
stannous chloride and mercuric chlonde also 
precipitate gelatin Moist gelatin combines 
with 15 4% of chlorine (reckoned on the air dry 
basis) yielding an extremely stable insoluble 
compound Cross, Bevan and Briggs (J Soc 
Chem Ind 1908, 27, 263) adapted this reaction 
to the estimation of gelatm in tub sized papers 
Traces of formaldehyde increase the tenacity 
and flexibility of gelatm, but even small quanti 
ties render it insoluble, producing a hard, elastic, 
imperishable product which is almost unaffected 
by water Gelatm is used as a surgical dressing 
and as a disintegrator for medicinal tablets 

The hydrolysis of gelatin is a very important 
matter because its properties are determined 
by the extent to which this takes place Pro 
teoses (gelatoses, albumoses) peptones, simple 
polypeptides (kyrines) and ammo acids are 
formed and may all be present together Alkahs 
have a more powerful action than acids cold 
hme water dissolves gelatin m a day or two and 
it is not precipitated on neutralisation On 
prolonged heating with concentrated hydrochloric 
or 25% sulphuric acid gelatm is completely con 
verted into amino acids Enzyme hydrolysis 
is much affected by conditions of temperature, 
reaction, dilution, etc Partial hydrolysis with 
pepsin in acid aolution and trypsin in alkaline 
solution gives well defined peptones The latter 
on further hydrolysis yield a tn peptide 
(kyrine) and then arginine Ijsine and glutamic 
acid 

The following are useful tests for determining 
the extent of hydrolysis and the quality of com 
mercial gelatins (1) Gelatm is regarded as 
being insoluble in half saturated solutions of the 
sulphates of ammonium, zinc and magnesium, 
the proteoses as insoluble in saturated solutions 
whilst peptones and amino acids are soluble m 
all concentrations of these salts (2) The fact 
that a mixture of saturated picric acid solution 
with 4 parts alcohol precipitates other proteins, 
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but not gelatin, lias been-applied to a method of 
estimating gelatin in presence of other proteins 
(Berrar. Biochem. Z. 1912, 47. 189). (3) The 
amount precipitated by alcohol is often taken 
as an index of its quality. 25 c.c. of 10% 
gelatin solution is treated with 75 c.c. of absolute 
alcohol. The coagnlum is washed with dilute 
alcohol, cold water, dried and weighed. A uood 
gelatin mat' give 9S% whilst glues may give 
no more than 60%. The effects of sodium 
and potassium chlorides in increasing thi« are 
additive, but the following salt pairs are 
antagonistic: NaCI-bCaCL; NaCI— MgCL; 
CaCI 2 -r MgCl 2 . (4) H. Stadlinger (Chem.- 
Ztg. 1936, 60, 305) measures the degree of 
hydrolysis by 100 where A’, is the 

nitrogen content of 25" c.c. of a 2% solution of 
the gelatin or glue in a sodium acetate-acetic 
acid buffer of p K 4-7 and -V 2 is the nitrogen 
content of the portion precipitated from 50 c.c. 
of the gelatin or glue solution by a mixture of 
magnesium sulphate and sulphuric acid. (5) The 
most accurate control of the amount of degraded 
protein present is probably obtained by bringing 
the gelatin solution to p n S-3 (the faintest pink 
to phenolphthalein) and then adding an excess 
of neutral formaldehyde. The solution is then 
titrated with 25/ 10 NaOH, and for a given 
volume of gelatin solution the ratio c.e. 
A'/10 NaOH/mg. total nitrogen by Kjeldahl ” 
is a minimum when the gelatin is in its purest 
form. As the long polypeptide chains are broken 
by degradation, the formaldehyde titration in- 
creases (IV. R. Atkin and F. C. Thompson. 
“ Procters Leather Chemist?' Pocket Boob.” 
London, 1937). 

The chief characteristic of gelatin is its power 
of forming heat-reversible gels. When placed 
in water below 20~C.. the better varieties do not 
dissolve but swell up by imbibing 5-10 times 
their weight of water. The presence of acids, 
alkalies or salts greatly influences the amount 
of this swelling. At the isoelectric point, the 
water is present partly as loosely bound water 
removable by pressure, freezing or evaporation 
and partlv as firmly bound water removable 
only under conditions which damage the gelatin. 
This imbibition is accompanied by an evolution 
of heat and a contraction in total volume. The 
transparent jelly melts at 24~45 C C. according to 
quality, and the solution so obtained sets again 
to a jelly on cooling to 10"C. if the concentration 
is above" 1% or 0-5% if the jelly is highly purified. 
The best gelatins set rapidly. Prolonged or 
repeated heating reduces and finally destroys 
this property on which the value of- gelatin 
principally depends, so gelatin jellies should 
always be prepared by first swelling the gelatin, 
then" pouring off the remaining water, adding 
further water as required, melting by warming 
to a temperature not above 5 0 C C. and slowly 
cooling. A solution heated to above 70 C C. 
coasulates and never returns to its original state. 
In the case of highly purified gelatin, the 10% 
gels are clear and stable: from 10 to 2% the 
gels are turbid, with a turbidity increasing with 
diminishing concentration, but are stable at 
least up to 2 days. Below 2% the gelatin 
shrinks to a white clot which falls to the bottom 
of the vessel leaving clear fluid above (Jordan- 


Lloyd, Biochem. J. 1922. 16, 530). Small 
quantifies of electrolytes prevent this synseresis. 

Neutral salts exert a lyotrope effect and may 
favour swelling (iodides, nitrates) or hinder it 
(sulphates), but in all cases they dimini sh the 
rigidity of the jelly framework. The peptising 
effects of salts vary. In the case of a 5% solu- 
tion of gelatin containing 33% of the following 
salts (or saturated in the case of ammonium 
chloride and potassium nitrate), with potassium 
chloride, rapid setting of the solution takes place 
on cooling : with ammonium chloride or mag- 
nesium chloride, delayed setting ; with zinc- 
chloride, potassium nitrate, ammonium nitrate 
or potassium thiocyanate, no setting. If the 
salts are removed by dialysis, the sols set to 
gels. If the salts are restored to the system it 
again becomes liquid (Briggs and Hieber, J. 
Physical Chem. 1920, 24. 74). 

Minimum swelling is obtained at the iso- 
electric point, but it is much greater in dilute 
acid and alkaline solutions. In the former it is 
influenced by the nature of the acid as well as 
the H* concentration. With increase of con- 
centration at IS'C., it rises to a maximum at 
Ps 2-7 and then falls. Increase of the tempera- 
ture increases the swelling, but the positions of 
the maxima and minima on the p s scale are 
affected. The alkaline curve has a broadly 
defined step at p E 7-S and a maximum at p s 10. 
Neutral salts depress acid and alkaline swelling 
at low concentrations, the effect being a func- 
tion of the valencies of the anions and cations, 
lonisable gelatin salts are formed and the 
presence of a colloidal gelatin ion produces a 
membrane equilibrium at the gel- water interface, 
resulting in an excess of diffusible ions in the gel. 
Thus there is excess of osmotic pressure in the 
gel causing swelling which is balanced by its 
coherence. From experimental values for the 
volume of the jelly and the external acid con- 
centration, the concentrations of internal acid 
and ionised gelatin salt can be calculated. 
Neutral salts repress acid and alkaline swelling 
(Procter, Kolloid-Beih. 1911, 2. 243; J.C.S. 
1914, 105, 313 ; Procter and Wilson, ibid. 1916, 
109. 307 ; Jordan-Llovd and Pleass, Biochem. J. 
1927. 21, 1352). 

The structure of gelatin jellies has been much 
discussed. Zsigmondy showed that frl-O-2% 
solutions are heterogeneous after 2 days stand- 
ing and thus possess a cellular, sponge-like 
structure, but a solution prepared at the boiling- 
point shows a homogeneous ilight-eone in the 
Siedenfopf-Zsigmondy ultramicroscope. Gelatin 
sols give a very diff use X-ray diagram (Gem- 
gross and Katz, Kolloid-Z. 1926. 39. 1S1 ; Katz 
and Gern gross, ibid. 1926, 40. 332 ; Gemgross, 
Herrmann and Lindemann, ibid. 1932, 60, 276) 
and are thus solutions of large molecules. Gelatin 
ue Is show an X-ray diagram of the “ powder ” 
ripe very similar to that given by collagen 
fibres. Setting to a jelly thus occurs when the 
scattered molecules come together to form a 
similar structure. The mechanical and optical 
properties belong to the solid framework whilst 
crvstalloids (sodium chloride, copper sulphate) 
diffusing into the gel travel in the interstitial 
fluid phase. The rate of diffusion i' very little 
less than that through water but i~ reduced by 
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increasing the viscosity of the jell} by means of 
glycenn It is the same in undefonned and 
permanently mechanically deformed gels Iaese 
gang rings are formed when potassium chromate 
diffuses into a gelatin gel containing silver 
nitrate Gelatin jellies are liquefied b\ some 
tjpes of bacteria with decomposition into 
peptones 

The viscosity of gelatin solutions is very high, 
but depends upon their previous treatment and 
history, and is very variable with slight vana 
tions in time, concentration and p B The 
wscosity of solutions greater than 1% increases 
at a greater rate than the concentration and is 
dependent on the rate of shear The viscosity 
of a solution made by heating gelatin in water, 
when it dissolves entirely as the A form, is 
constant at the isoelectric point hut diminishes 
with time at all other reactions On standing 
below 35° gelatin B develops and the viscosity 
rises especially at the isoelectnc point The 
increase of viscosity with time is probably due 
to the formation of a fine molecular structure — 
a system of catenary threads (Bogue, J Amer 
Chem Soc 1922, 44, 1313, 1343) With 0 5% 
gelatin, both viscosity and elasticity show 
minima at the isoelectric point Viscosity 
shows mavima at p B 2 7 and 7 2 , elasticity at 
3 5 and 5 5 Added salts reduce viscosity, the 
effect depending on the valency of the oppositely 
charged ion and on its lyotropic nature 
Edible gelatin is largely used for culinary pur 
poses as a vehicle for other materials Gelatin 
prepared from bones was largely used by the 
soldiers and poor of France during the first 
Revolution, but the idea that its high propor 
tion of nitrogen renders its valuable as a flesh 
former is erroneous because indispensable 
amino acids are entirely missing It is, however, 
of limited value as a heat producer instead of 
fat and carbohydrates Taken as a supple 
mentary protein to segetablo proteins, it is 
valuable on account of its high content of lysine 
It is readily attacked by pepsin with hydrolysis 
of its peptide linkages the optimum p n of diges 
(ion being about I 2 Crystalline trypsin 
hydrolyses gelatin more quickly than chymo 
trypsin Gelatin is able to function as a pro 
tcctive colloid in preventipg coagulation of milk 
during (bgestion and, also, in improving the 
texture and keeping qualities of ice cream It is 
added to fruit preseries, jams, meat extracts, 
cream, etc , to give a fictitious body It does 
not jws'ess antigen] c properties due to its 
deficiency m tyrosine, tryptophane and cystine 
It is largely’ 'used in bacteriology Pharma 
ceutieal uses include surgical dressings such as 
Court plaster, which, is a mixture of gelatin, 
alcohol and glycenn , capsules for medicine , 
and coating pills It is valuable for taking casts 
and impressions for electrotypy, etc , in dyeing, 
for making inking rollers for printing, and as a 
size for paper making and painting It is used 
in the carbon process of photographic printing, 
w htch depends upon the property of potassium 
dichromate of rendenng gelatin insoluble when 
exposed to the action of light This property is 
al*o tt*ed in making an insolulle glue or a 
waterproofing material, by adding potassium 
dichromatc to gelatin or glue just before use 


A large amount of the highest quality gelatin 
is used for photographic films, plates and 
developing papers In judging its value for this 
purpose, Sheppard (“ Gelatin in Photography,” 
p 117, London, 1923) gives the following 
requirements (1) It should gi\e a clear and 
nearly neutral solution (2) The percentage of 
moisture should not be greater than 20% aud 
lower for “ soft ” gelatins (3) The ash should 
not exceed 2% Bases and heavy metals should 
not be present m more than mere traces, as they 
are harmful to photographic emulsions Sul 
phates and chlorides should be low (4) Chon- 
dnn is objectionable as it causes gelling m hot 
solution, especially when alum is present 
(5) Formaldehyde should be absent A rose 
colour should not be given on heating 10 g with 
20 c c water to about 10o°C , distilling with 
steam and adding to the distillate a few drops 
of dilute phenol solution followed by coneen 
trated sulphuric acid (fj) Sulphites should bo 
absent (7) The darkening or precipitation on 
mixing a 1-2% solution with m equal \olume of 
10% sdver nitrate (containing ammonia suffi 
cient to rediesolve the precipitate) should be 
according to the user s specification 

In practice it is usual for the consumer to find 
by experience the most suitable gelatin for his 
purpose and check future deliveries in respect of 
those properties which are relevant The 
British Standard No 757 — 1937, Methods for 
Testing Gelatines (British Standards Institution) 
may be used The physical tests include 
(1) Jelly strength, (2) Viscosity, (3) Melting 
point, (4) Foam, (5) Water absorption, (6) Solu 
bibty of partially swollen sheet, (7) Keeping 
quality (8) Colour of jelly and of solution, and 
(9) Clarity, but the first three are usually taken 
as an index of the grade The adhesne strength 
is sometimes inferred from the jelly strength, 
wscosity, melting point and tensile strength, the 
last is influenced by electrolytes, the effects 
being in direct relationship to the Jytropic series , 
it is reduced by salts with a 6trongIy hydrated 
anion (Pavlov and Engelstein, Kolloid Shum 
1036, 2, 821 , Merckel, Kolloid Z 1037, 78, 41, 
339) The adhesive strength is reduced by pro 
longed heating and increased by sodium fluoride, 
sugars and substances containing OH groups 
The rate of solution of partially swollen gelatin 
m a restricted amount of water vanes and the 
following test may be used to discriminate 
between different samples 20 g of the sample, 
crushed to pass a $ in mesh sieve, is added all 
at once to 20 c c of water at 27°C in a small 
basin It is stirred continuously until all the 
water has been absorbed and left for 24 hours 
at 18-2Q°C in a closed vessel containing water 
to give a relatne humidity of 95-100% It is 
then added to 500 c c water at 00°C in a beaker, 
Btirred gently for 4 minutes at G0°C , and poured 
through a 200 mesh sieve The residue 13 
nnsed with cold water, transferred to a weighed 
stainless steel di*h and dried at !05°C to con 
stant weight Tins is diwded by 0 85 to bring 
to a gelatin basis and multiplied by 5 The 
result is expressed as per cent insoluble- residue 
of sheet gelatin swollen at 1 1 The colour is 
expressed in Lowbond units for a fi Cb% w/w 
gel in a 2 in Lowbond cell, after keeping for 
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for the preparation of photographic emulsions, 
w hich require a maximum of tenacity . Chondnn 
is precipitated from aqueous solution by acetic 
acid and is not soluble in excess Lead acetate, 
alum, and the sulphates of iron, aluminium and 
copper also precipitate chondrm A rough test 
for detectmg the presence of chondnn in photo 
graphic gelatin consists in adding a concen 
trated solution of chrome alum to a 10% solu 
tion of the gelatin in hot water If an injurious 
amount of chondnn be present the gelatin will 
set whilst hot Most photographic gelatins, 
however, contain but little chondnn 

Isinglass — This valuable product usually 
contains from 86 to 93% of gelatin It is 
obtained by drying the swimming bladders of 
various fish, of which the sturgeon of the Volga 
yields the best quality , but Brazilian (sometimes 
known as Cayenne), Penang, Indian and Hud 
son’s Bay varieties are also on the market It 
arrives in this country cither as the unopened 
bladders, known as lump, pipe or purse isinglass, 
or as the cut and opened bladders, known as leaf 
and honeycomb isinglass Long or short staple, 
book and ribbon isinglass are respectively 
twisted, folded in packages and rolled out The 
bladders of cod, hake and other fish are also 
employed 

In preparing Russian isinglass the bladders 
are first cleansed from blood m hot water, cut 
open, washed and exposed to the air with the 
delicato silvery inner membrane turned upwards 
This membrane is stripped off, kneaded in damp 
cloths and dried Before solution m water the 
crude isinglass is moistened, cut into strips, 
rolled out into ribbons and dried When dry 
they are shredded by suitable machines 

Although free from chondnn, isinglass is not 
available for photographic purposes on account 
of its great solubility and inferior tenacity For 
clmfving wines, ciders and beers it is, however, 
much superior to gelatin, probably due to its fine, 
net like structure Coarse Brazilian isinglass is 
usually employ ed and is “ cut ” or dissolved in 
sulphurous or other acid before use It is also 
used for jelhes and in the preparation of plasters 

Bibliography — Lambert, ‘ Glue Gelatine and 
Their Allied Products ” (London, 1905) , Rideal, 
“ Glue and Glue Testing ' (London, 1914) , 
Bogue, “ The Chemistry and Technology of 
Gelatin and Glue ’ (New \ orb, 1922) , Depart 
ment of Scientific and Industrial Research, 
“ First Report of the Adhesives Research Com 
mittoe — Descriptive Bibliography of Gelatin " 
(London, 1922) , Procter, “ The Principles of 
Leather Manufacture," 2nd ed (London, 1922) , 
Loeb, “ Proteins and the Theory of Colloidal 
Behaviour” (New York, 1922), Alexander, 
“ Glue and Gelatin ” (New York, 1923) , 
Sheppard, “ Gelatin in Photography ” (London, 
1925); Gerngross and Goebel, Leim und 
Gelatin Fabnkation (Dresden, 1923), ‘ Kol 
loidchenue der Eiweisskorper, 2nd ed (Dresden, 
1933); Jordan Lloyd, “Chemistry of the Pro 
teins," 2nd ed (London, 1938) , Simon, Kolloid 
7 193S, B4, 101 
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" GEL/GNITE " (i \ol IV, 242a) 


GELOSE, d galactan, {C 6 H jo O s )j 7 The 
characteristic polysacchando of agar agar (q t ) 
It is hydrolysed by acids to galactose. 

GELSEMIUM, ALKALOIDS OF. Get- 
semine (I), C, 0 H,,O 2 N 2 , a crystalline alkaloid, 
occurring in the rliizome and roots of American 
wild jasmine, Gelscmiun semperurens Ait (Fam 
Loganiaceu), along with semperunne (II), 
gelsemmne (III) and three rather ill defined 
bases gelsemimne, geLemidine and gelsenioidinc 

Extraction (Chou, A 1931, 871, 1172 or Chem 
Zcntr 1931, II, 2342, 2891) — Roots of American 
G semperurens aro percolated with cold EtOH, 
the percolate concentrated in vacuum at low 
temperature, the syrupy residue being dissolved 
m dilute HC1 and filtered from tarry material 
After standing for 2 weeks, a first crop of crystal 
line hydrochloride has separated (fraction I) 
This crop is then treated with hot H 2 0 which 
leaves behind gelsemicacid (needles from CHCI S 
in p 205°, with blue fluorescence in alkaline 
solution, identical with scopoletm) The aqueous 
solution is basified and y lelds semperune (identi 
cal with sempervinne, see later ) The mother 
liquor from the first crystal fraction (see aboic ) 
is also basified and extracted with CHCI S 
The CHC1 3 residue after several recrystal 
hsations yields pure gelsenunt (I) The alkaline 
mother liquor from this fraction la neutralised 
with H Br in order to free it from the last traces 
of (I) (as insoluble hydrobromide) and the re- 
maining solution is evaporated, the residue 
dissolved in H.O again, basified and treated 
with CHClj when gelsemictne (III) is obtained 
The mother liquors of (III) yield an amorphous 
alkaloid with amorphous salts, which may be 
gelsemimne For extraction of gelsemimne and 
gelsemoidme, see Sayre, Midi Drugg Rev 1911, 
45, 439, or Chem Zentr 1911, II, 1C50 The 
same author (J Amer Plnrm Assoc 1915, 4, 
60) has also extracted a base sempeninne which 
probably is identical with Chou’s sempervino 
(cf also Hascnfratz, Bull Soc chim 1933, [iv], 
53, 1034) 

Gelsemine (I) was first isolated from the roots 
of G semperurens by Moore (JCS 1910, 97, 
2223, 1911, 99, 1231) where earlier literature 
can be found The root was deleted from the 
BP m 1932, the alkaloid from the USP in 
1926, so that there is no preparation of gelse 
mmm in either Pharmacopoeia 

Gelsemine (I), [a]J, 4 +10° in CHCI 3 (Chou) or 
+ 16 9° (same solvent, Moore) crystallises from 
acetone in prisms, m p 178°, which lose 1 mol 
acetone at 120® (I) is readily soluble m EtOH, 

EtjO, benzene, CHC1 3 and slightly so in 
H jO. The Fly dro bromide, chloride and nitrate 
are crystalline The methiodide regenerates ( 1 ) 
when heated with 20% aqueous KOH solution 
When boiled with concentrated HCI, (I) takes 
up the elements of water yielding apogel 
semine, itoapogelsemtne and chloroisotpogel 
semine (1) contains a hydroxvl group and 
forms with acetic anhydride a basic acetyl 
gelsemine (m p C0-70° from MeOH) or 10C* 
(dry )) (Moore) The colourless solution of (I) 
in concentrated H t S0 4 is changed to red, then 
violet and finally green by addition of a crystal 
of KjCrjOj 

{sempervinne (II), C ]t H u N t , optically in* 
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tltn finest gem qualify His apparatus oon-isla 
of nn oxy hydrogen Wo»j»ijK plieed »« rh« illy, 
(lie Inner oxygen lube of which is cnlirg' <1 nt 
lift upper tn«f to contain ft fim nu vo bolding the 
ftliliniria powder nw (1 fn the prex.es* 'ihe 
p< riddle tupping on the uU ve of h urn ill hnrmnc r, 
actuated by an electro Magnet or a rotating 
cam, (aiiH<K a small continuous fuel of the 
alumina powder to fall down tin oxygen tulx- 
lie m nib the nozzle of th« blowpipe la a fin « I iy 
Hiipporl terminating In ft email rod of fused 
alumina, the position of winch ran lx adjusted 
by «e rew motion* 'J be blowpliie 1107 /I 0 and the 
support are tneloexd fn 1 % hex in order to avoid 
midden change a In temp ruturr Hydrogt n waa 
ttm-tl tn the early (i)MnimnU, hut in the tom 
inertial process toa! gas la im< d 'J lit flame, with 
a t< mperature of I 800-2000'*, must Ixi a rr due mg 
one with an exce as of hydrog* n or tnrlion 'J hr 



Verneutls blowpipe fur ttu cirtlllrlnl j rr, lint! in 
«r nil y 

fine (article* of alumina ejected through the: 
nozzle of the blowpljs fill on the alumina sup J 
|»ort, riii'l, fusing logi tin r, build uii by accretion 
a pear shape el mass, which continues to grow 
both 111 bright and diameter n» the support la 
gradually lowrrrd 

These }M nr shap'd masses ( M lamb a ") of 
manufactured ruby {“ ruble neb ntlfirpie,” “ nibla 
syntMtlepw ") grow nt the rate of almut 12 
carnta |a r hour, mid tin 3 may attain a weight 
of 260 rnrata (60 g ) One ojiemtor 1 nn nltr nd to 
awlioK b ittr ry of mar hint a 'I In prot r aa lx now 
worLoloiiacomiin n Ini scab in I rantt ,(Jr rmanj, 
Hwltnrlmd arid (fitly s ami tin output in ly 
n mou 11 1 to a* nun h aa n ton n tl iy '| he pm 1 of 
the uncut mate rid la one or two j«in<-|« rrnrnt 
Tim curiotia future of tin an mnaaia rif fuanl 
alumina la that rath nm of tlnm la a alnglo In 
diildusl crystal, ami not, aa might hn\ e been 
exjw-itcd, nu aggregate) of crystal* or simply un 


alumina ghss. Although the aide* of thr drop 
are uaiiilly smooth with a gilt-ay Aspect, the 
rounded end (thr last forme <1 and uppe r portion 
fn the apparatus) la rough' r ud with n fin r 
crystalline r> ticul ition Or < lxtonilly tin drops 
«how n rough hexagon il mithm rorrr aftonding 
to thr form of a « rystnl of < oriindum 'J he optic 
axis UHinlly ronxxlrs with tin axis of tin pear- 
shape <1 mass, and a se r lion < lit jk rja ndx id »r to 
this exhibits in the p d inseopr u typu il uni ixial 
iiltrrfi reix* figurr 'Jlmapgr ( i 08 -f 0), h ird 
nesa, diehroiam, rifrartivi India a, ttr , of this 
urtifxjd ronindum an the aimc as for thr 
natural infix r il 'Ihe mate rial furtlx r posstust* 
the name transp irtney, rlrarixaa and rich 
r oleum us natural » ryslal* of the best gem 
quility/ 'Jlxi only meins of diatmgu lulling 
between the two la afforded by urlain minute 
imgulmtxa of internal atructiin With a 
hand b n* or mxlr r the mieroar ojk , the arlifienl 
r/uunrluni oftin, though not Invariaiily, allows 
minute roundrd cavitxa and curved streaka, 
whilst in thr n lturnl atoma tlx uivitxs are 
ungul ir and tlx atn aka are atrnight 
Whrn the luiitr rial supplied to tlx VerfX ml 
hlowpifH) consist* of pure ftlununa powdrr (pro- 
pircrl by pre< ipitation with ammonia from pun 
ammonium alum), the rryatalliscd product is 
p rfr e tly colourless arxl < Icar {“ white sap 
plum”) In tlx early expetinxnta, powdered 
11 iturnl ruby waa until aa the jnnti rial 'Alto 
lx at mhy tint la given by the addition of 2J% 
id rhromir oxide (homogr rn onaiy mixed with 
the iilumini by on updating tiio two togrtixr 
from 11 inixi rl solution of ftinmoiuuin alum and 
< hroriiium alum) hmalir r jiroportiona of chromic 
oxide prrxlurr a hghle r aiiarle of n il or pink, and 
am it nrlifle ml gr ma have hr r n r rrorx onaiy called 
“ ae It ntdic top iz J lie addition of nlrke 1 oxide 
prodixis a rxii yellow colour Cobalt oxide 
will not prod ue o a hluo colour with alifinina 
alone, imt ft fine blue is obtained when aomr 
mngixaiiv is pnarid (1, Pam, Compt rend 
1008, 147, Oh), A Verneitil, ibid 10', 0). but 
now tiie produrt, fnslend of Ik Jug corundum, is 
the r uhie and optically Inotropic miw ml a/xnrt 
(MgAI J 0 4 imt ofte n with art < xccsa of AIjO^) 
Atl> mpts to produce a blue ronindum (» e 
aappluri ) bad r< [K-ulully failed until it was 
obtain) d by A Verne ml {(ompt mid 101(1, 
150, IK',) by tlx arlddleii of titanic oxub 
(TIO,, 0 6%) find ningix tic oxide of iron 
(Fc,0 4 , I 6%) Analysis of tins artifirnl nap 
phlro gave AI,O s O') 81-1)') KV>/ , TIO, «H- 
0 11%, FCj0 3 trace, apgr f 077-1 01 (A I. 
Moat a, A nx r .f Scl lOKf, 30, 271) A peculiar 
alone which lias been arild ns “ayutJxlicnl 
alexandrite, ’’ exhibits, like the true alexandrite 
(a variety of ciirjae beryl, BcAIj0 4 , q v ) agtten 
colour by daylight nnd a red colour by lump 
light, this is In rt ality artificial corundum, and 
the change in colour may lai (attribute cl to the 
pn m rite of u Hold il < bromic oxide (ns stigg< sf' 'I 
In tin ca»e of nit xnnilrite by O Hauser, / 
iingew (lx m 1(110, 23, Iffif) 
licaxi, a Ik mg ficifid ns gi m afoix a, this 
artificial corundum is extensively uscel for 
watch jewels and the pivot supports of electric 
me u rw and othc r mat ni incuts I or this pnr)KiHii 
it is more uniform In rlmractr r and more re liable 
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than the natural mineral {see Collected Re- 
searches, National Phvsical Lab. 1931, 2- 

No. 1). 

Minute crystals of beryl were prepared bv 
P. Hautefemlle and A. Perney in 1S-SS and by 
H. Tranbe in 1894 ; and more recently hexasonaL 
prisms np to 2 cm. long and of a good emerald- 
green colour have been prepared by the L G. 
Earbeniud. A.-G. in Bitterfeld. THi* artificial 
emerald has been given the trade-name 
*" Igmerald,’’ bat it has been produced in onlv 
limited amounts. The process of manufacture 
has not been disclosed ; but as the crystals con- 
tain minute liquid enclosures with bubbles, the 
method is no doubt hydrothermal (M. Jaeger and 
H. Espig, Dent. Goldschmiede-Zts. 1935. 3S, 
347; H. Espig. Z. Kristi 1935, 92, 3S7). 

Eeferences. — In addition to the papers by 
Yemeuil and others quoted above, see J. Boyer, 
“La synthase des_ pierres preeftases.” Paris, 
L909 ; R. Brauns, Uber kftnstliche Edelsteine, 
Axis der Natur, 190S-9, 647 ; 1909, 51 ; J. 
Els card, “ Les Pierres preeieuses,” Paris. 1914; 
H. Michel, “ Die kunstlichen Edelsteine, 1 ’ Leip- 
zig, 1926. 

On the artificial production of minerals in 
general, see L. Bourgeois, “ Beproduction arti- 
fidelle des mineraux,” Paris, 1S-S4 (EncycL chim. 
de Enemy) ; P. Tschirwinsky, “ Beproduction 
artiScielle de mmeraux an NI£ e siede,” Kfeff 
1903-6; G. W Morev end E Ingerson. Econ. 
GeoL 1937, 32, 607;* E. H. Kraus and C. B. 
Slawson, “ Gems and Gem Materials,” 3rd ed.. 
New York and London. 1939. 

L. J. S. 

GEMS, IMITATION AND COUNTER- 
FEIT. As pointed out in the preceding artide, 
it is necessaiy to distinguish between artifidal 
(t.e. artificially produced) gems and imitation 
and counterfeit gems. Owing to their rarity and 
hish value, gem-stones have been imitated in 
various kinds of material since very early times. 
Eor instance, although a few of the ancient 
Egyptian scarabs were cut in genuine turquoise, 
the great majority of them were made of a blue 
pottery or faience ; and amongst the Bomans. 
coloured glass was used for the imitation of the 
various transparent coloured gem-stone. 

The material most extensively used for the 
manufacture of imitation gems is a heavy lead 
(fiint) glass known as paste or stress. This is 
prepared by fusing in a crumble a mixture of 
powdered rock-cryital (SiO.. 3S— 59%), red lead 
(Pb.O,, 28—53%), potassium carbonate (K.CO-, 
8—14%), together with a small proportion of 
borax, white arsenic or saltpetre. Different 
recipes vary widely, the amount of lead present 
depending on the refractive index of the gem to 
be imitated. A dense flint-glass of sp.gr. 3-54 
(f.s. about the same as diamond) has u D =l-611S 
and dispersion tiq’ — ni'=0-0315 ; and an extra- 
dense flint-glass of sp.gr. 5-004 has r: D =l-77S4 
and dispersion tig'— nj/=0-Q56S (the corre- 
spondins values for diamond being 2-4173 and 
0-0574 respectively). Optical values still higher 
are obtained by replacing the potassium by 
thallium; the sp.gr. of a thallium-lead glass 
may be as high as 5-6. To obtain the best 
results in the manufacture of strass, the materials 
emploved must be quite pure ; and the fusion 
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c-arefutly conducted, in order to avoid bubbles 
and streaks. Imitation diamonds (so-called 

Parisian diamonds,’" etc.) are cut bom the 
colourless paste. To prepare coloured pastes, 
the colourless paste is powdered, intimately 
mixed with various metallic oxides or other 
substances, and again fused. A blue colour is 
obtained with cohalt oxide ; green, with cupric 
oxide or chromic oxide; red, with cuprous 
oxide, gold chloride or purple of Cassias; 
yellow, with silver chloride, antimony oxide or 
red antimony, or (in leadless glasses) with coal 
and a little manganese oxide; black, with tin 
oxide, manganese oxide and hammer-slag. An 
opaque white glass, or enamel, is obtained by 
the addition of tin oxide, calcium phosphate or 
bone-ashes; this may fce suitably coloured to 
imitate opaque stones (e.cr. turquoise) by the 
addition of metallic oxides. 

These glasses often afford very clever imita- 
tions of the various precious stones, resembling 
them so closely, indeed, that without examina- 
tion they may be readily mistaken for the 
genuine article. They are, however, all remark- 
able for their low degree of hardness, less than 
that of ordinary window-glass, and they can be 
readilv scratched with a knife. In course of 


time they display a dark leaden tarnish on then- 
surface, and when worn in jewellery their edges 
become rubbed and chipped. When examined 
with a magnifying-lens, bubbles and streaks are 
often to be seen in them. Optically they are 
isotropic and lacking in dichroism. 

To avoid the effects of abrasion in wear, and 
also no doubt as a deception in case the test of 
hardness is applied, these soft materials are 
sometimes faced with a harder material such as 
rock-crystal or colourless topaz. In the doublet, 
the upper portion, above the girdle, consists of 
this harder, colourless material, while the lower 
portion, protected in the setting, consists of 
coloured strass which imparts its fine colour and 
brilliancy to the whole. The triplet consists^ of 
pr> upper and a lower portion of harder material, 
with a laver of the coloured stress between. 
Such counterfeits can, of course, be readily 
detected when the unmounted gem is viewed 
siaewavs. but when it is mounted in its setting 
detection is not so easy. Doublets and triplets 
are also built up of genuine stones, with the 
object of improving the colour, and of pro- 
ducing a gem of larger size. _ 

Another kind of fraud sometimes practised 
v. ~ • h precious stones is the substitution of Ies.= 
valuable stones for more valuable. Unfortu- 
natelv, the nomenclature of gems, as adopted 
bv jewellers, offers an opening in this direc- 
tion. Thus stones of a red colour are often 
finown collectivelv as ruby with some qualifying 
prefix: e.o. “spinel-ruby” (= spinel), ‘Cape 
robv” (=pvTope garnet), ana "Siberian ruby 
(= tourmaline), the true ruby (“ Oriental ruby ’ 
of iewellere) beins. of course, corundum; or 
arein, “Oriental emerald” <= corundum), 
“Tralian emerald” (= demantoid garnet), 
“ lithis-emerald ” (= spodumeae) and “Brazi- 
lian emerald” (= tourmaline), the true emerald 
hein -r bervl of a grass-green colour. In the same 
w3V,”veIlow quartz (“Spanish topaz or Occi- 
dental topaz ”) ft often mistaken for and sold as 
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topaz Other deceptive terms of a like nature 
are “ Marmorosch diamonds ’ “ Cornish dia 
monels, 1 ’ “ Bristol diamonds,’ etc , for small 
Bparkhng crystals -of quartz , and “ Matura 
diamonds ” (from Matura in Ceylon) for zircon 
of a brilliant lustre, which has been decolorised 
by the application of heat The latter, as well as 
colourless corundum { ' white sapphire ”), have 
occasionally been passed off as diamonds 
Other attempts have been made to produce 
gems of much the same chemical composition as 
the genuine stones lor example, green glass 
with the composition of emerald Very success 
fill imitations of turquoise have been obtained 
by submitting to pressure a precipitate having 
the same composition as the natural mineral 
The artificial colouring of natural stones is 
also extensively practised Almost all cut 
agates have been so treated (t> Agate) Chalce 
dony can be so cleverly coloured a delicate 
green with salts of nickel or chromium, as to 
be practically indistinguishable from the more 
expensive chrysoprase A pale coloured jasper 
or homstone, quarried at Nunkirchen, near 
Merzig, in Rhine Province, is coloured artificially 
by soaking first in a solution of ferrous sulphate 
and afterwards in one of potassium ferro 
cyanide Beads and other small ornaments of 
this material are cut at Oberstem and are 


sold in large quantities as “ lapis lazuli ” 
“ Swiss lapis or ‘ German lapis It is readily 
distinguished from true lapis lazuli by its greater 
hardness, and by the presence of small patches 
of crystalline quartz, which does not take this 
colour, and by the absence of specks of pyrite 
The colour of many gem stones can be changed 
by heatmg or by exposure to the emanations of 
radium A trick of the meanest kind is to 
smear violet ink or other bluish colouring 
matter on the surface of a yellowish (‘ off 
coloured ’ ) diamond, so giving it the appearance 
of a colourless gem 

References — M Bauer, “ Precious Stones, ’ 
Engbshtransl byL J Spencer, 1904 , M Bauer, 
“ Edelstemkunde,” 3rd ed by K Schlosa 
macher, Leipzig, 1928-32 , J Escard, “ Lea 
Pierres prdcieuses,’ Paris, 1914 

J L S 

GEMSBOK BEANS The seeds of Ban 
hmta esculenta, Birch The plant Is indigenous 
to South Africa and the seeds are said to be 
eaten both by natives and animals in the 
South West Protectorate of the Union The 
reddish brown beans are approximately } in in 
diameter and 2 g m weight The hard outer 
husk comprises about half the total weight 
Bray (Analyst, 1921, 46, 401) gives the following 
analysis 



Moisture 

Crude 

proteins 

Fat 

Carbo 

hydrates 

Fibre 

Ash 

Nutrient 

ratio 

Food 

units 

Huslts alone 

85 

25 

02 

67 2 

19 8 

1 8 

127 1 

74 

Kernels alone 

40 

32 8 

41 6 

17 2 

1 3 

3 1 

134 

203 

Whole beans 

62 

18 0 

213 

416 

10 4 

25 

150 

140 


The beans yield approximately 14% of a golden 
yellow oil with an agreeable nutty odour and 
flavour, and showing the following character 
istics, 1 464, djj 0 9211, acid value 0 6, 
saponification value 190 0, iodine value 95 6, 
nnsapomUabfe matter 0 8% 

The residual cake after expression of oil has 
the composition, water 6 4, protein 52 2, fat 
7 0, carhohydrates 27 4, fibre 2 1, ash 4 9% 

The seeds are free from alkaloids and cyano 
phono glucosides 

A G Po 

GENESERINE ( v Vol II, 199i) 
GENESTROLE (a Vol IV, 189a) 
GEN1STEIN (t> Vol IV, 189a) 

GEN I ST IN (i> Vol IV, I89d) 
GENKWANIN From the flowers of Daphne 
genkwa, Sieb and Zuce , Nakao and Tseng (J 
Phann Soc Japan, 1932, 53, 83, 148, J 
Shanghai Sci Inst 1933, 1, 1) isolated benzoic 
acid, sitosterol and the flavone denvatives 
apigenm and genkwamn 
Aplgenin, for which Nakao and Tseng give 
m p 352°, also occurs as the glucoside apitn 
(<j t ) in the leaves stem and seeds of parsley, 
from which source it was isolated by Perkin 
(J C.S 1897, 71, 80o) and shown to be 5 7,4 
tnhydroxj flavone 

Genkwanln, CkHjjOj, yellow needles, in p 
286®, contains one methoxyl group and on 


methylation yields 6 hydroxy 7 4' dimethoxy 
flavone, it is thus an apigenm monomethyl 
ether, but js not identical with acacetm (6 7 
dihydroxy 4' methoxyflavone) When fused 
with potassium hydroxide it gives phloroglucmol 
<sad p kydsxrzybenc&ie wiereas- mth 

50% potassium hydroxide solution, p hydroxy 
acetophenone and phloroglucmol monomethyl 
ether are produced 

Genkwamn forms a diacetyl derivative, colour 
less needles m p 196°, and a dibenzoyl compound, 
colourless needles, melting at 207-208° 

Nakao and Tseng suggested, therefore, that 
genkwanm is 6 4 dihydroxy 7 methoxyflavone 
(I), and this formula has been confirmed by 



synthesis (Tseng, J Pharm Soc Japan 1935, 
55, 30) Phloracetophenone when heated with 
p benzyloxybenzoic anhydride and sodium p 
benzyloxy benzoate, gives a product which on 
acetylation and subsequent hydrolysis furnishes 
5 7 dihydroxy 4 benzyloxy flavone This com 
pound is converted by methylation into 5 
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having become hydrolysed into ltevulose and a 
new hexabiose, gentiobiose, which, by more 
vigorous treatment, can be hydrolysed mto 
2 mol of glucose For derivatives, see Hudson 
and Johnson, J Amer Chem Soc 1917, 39 
1272 For the detection of gentian bitter in 
beer, see Dragendorff (Chem Zentr 1881, 285, 
299), Allen (Analyst, 1887, 12, 107, 1888, 
13, 43) 

Other species of gentian which are claimed to 
have similar activity are O purpurea, 0 punctata, 
Q pannonica, 0 asclepiadea Q crucxata In 
India, Azadirach (Neem bark), the dried stem 
bark of Me\ia azadirachta Linn is usually em 
ployed as an equivalent of gentian 
The constituents of gentian are stated to 
undergo seasonal variation (Bndel, J Pharm 
Chim 1911, [to], 3, 294) Gentiopicnn, 2% 
slightly increased m June and July , gentianose 
3-5%, maximum in September, in May and June 
it is replaced by gentiobiose 

A D P 

GENTIAN IN , an anthocyamn isolated from 
the petals of the common blue gentian (Gentiana 
acaulis) The pigment is extracted from the 
petals by means of methyl alcoholic HCI pre 
cipitated as the lead salt and purified through the 
pt crate The chloride, C 30 H 87 O 14 CI, dissolves 
in methyl alcohol containing a few drops of 
HCI with a bluish red colour (rather bluer than 
delphuudin, q v ) which becomes blue on adding 
either aqueous sodium carbonate or sodium 
hydroxide Ferric chloride added to an aqueous 
solution of the chloride gives a blue colour, but in 
alcoholic solution the colour is violet blue 
Hydrolysis by means of cold 2 N NaOH affords 
p hydroxy cinnamic acid (1 mol ) whilst 
hydrolysis with boiling 20% HCI gives del 
phimdin (1 mol ) and glucose (I mol ) 
Gentiamn is thus a p hydroxycmnamoyl 
delphuudin monoglucoside (Karrer and Widmer, 
Helv Chun Acta, 1927, 10 67) 

W B 

GENTIANOSE (v Vol 11,301c) 
GENTIOBIOSE (v Vol II, 299b) 
GENTISIC ACID (this Vol p 63a) 

G ENT I S I N , the colouring matter of gentian 
root, was first isolated by Henry and Caventou 
(J Pharm Chim 1821, 178), and was shown to 
possess the formula C 1 ,H 10 O 6 by Baumert 
(Annalen, 1847, 62, 106) who prepared it by ex 
tractmg the washed root with alcohol and con 
centrating the extract The residue was 
trashed with water to remove the bitter principle, 
then with ether to extract plant wax, and the 
crude colouring matter repeatedly crystallised 
from alcohol (yield about 4 g from 10 kg of 
the root) Gentism crystallises in yellow needles 
which darken at about 200° and sublime with 
decomposition between 300° and 340° It is 
sparing]} soluble in alcohol and dissolves in 
alkaline solutions with a yellow colour 
Hlasiwetz and nabermann (ibid 1875, 175, 
63 , 1876, 180 343) found that gentism contains 
two hydroxyl groups, and when fused with 
potassium hjdroxide yields phloroglucinol 8nd 
gentisic acid {2 5 dihydroxy benzoic acid) 

Genllseln. When gentism is digested with 
boding hydnodic acid, it is converted into 
gentisein with evolution of 1 mol of methyl 


iodide Gentisein forms straw yellow needles 
melting at 316° (von Kostanecki, Monatsh 1891, 

12 205 Shinoda, J C S 1927, 1983, gives m p 
318° after darkening at 310°) It gives with 
sodium amalgam a blood red coloration, whereas 
gentism by a similar method yields a deep 
green liquid With acetic anhydride, gentisein 
yields a tnaceiyl derivative, needles, m p 226® 
(von Kostanecki, l c ), and on methylation with 
methyl iodide, a dimethyl ether, yellow needles, 
m p 167°, is produced (von Kostanecki and 
Schmidt, Monatsh 1891, 12, 318) 

von Kostanecki and Tambor (ibid 1894, 15, 1) 
synthesised gentisein hy distilling a mixture of 
phloroglucinol and 2 6 dihydroxybenzoic acid 
with acetic anhydride, and thus proved it to be 

13 7 tnhydroxyxanthone 



Partial methylation converts gentisein mto 
gentism, and it is thus certain that the latter 
is gentisein monomethyl ether From the be 
haviour of bisbenzeneazogentism, scarlet needles, 
m p 251-252°, which gives the diacetyl deriva 
tive, orange red needles, m p 218-220°, Perkm 
(J C S 1898, 73 672) concluded that gentism 
possesses the constitution (I) As gentism yields 



only a monomethyl ether with methyl iodide, 
the original methoxyl group cannot be in the 
I position, i e adjacent to the carbonyl group 
On the other hand if gentism is represented hy 
formula (II), the azo benzene groups would 
enter the positions 4 and 2, and from such a 
compound an acetyl derivative cannot be ob 
tamed (e/ bisbenzeneazophloroglucinol) Again, 
Shinoda (1 c ) synthesised I 3 dibydroxy 7 
methoxyxanthone (H) and found it to he quite 
different from gentism, thus confirming Perkin a 
view that gentism is 1 7 dihydroxy 3 methoxy 
xanthone (I) 

Nakaoki (J Pharm Soc Japan, 1927, No 640, 
27) states that genti3in is present in the Japanese 
drug ‘ To Yaku ” (from Swerita japonica 
Makmo), but since the melting point is given as 
267°, this is doubtful 


\ 
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ketone and alcohol ate mixtures of the jso 
propenyl and tsopropylidene forma 

(I) -v H.C CMe CH, CH. CH, COMe 
l VI 

H S C CMe CH, CH, CH, CHMe OH 
VII 

(II) Me,C CH CH,CH, COMe 

Me,C CH CH, CH, CHMe OH 

(Gugnard and Doeuvre, I c ) 

Stereoisomer] c with geraruol is the alcohol, 
•nerol, the trana modification, which is a mixture 
Of (VIH) and (IX) This alcohol occurs in 

H,C CMe CH, CH, CH, CMe 

HO h,c in 

Vin 

Me,C CH CH, CH, CMe 

HO H,C Jh 
IX 

neroh, petitgrain, bergamot and a number of 
other essential oils Nerol was first isolated by 
Hesse and Zeitschel (J pr Chem 1902, fuj 66 
502), but the pur© alcohol was first prepared by 
von Soden and Treff (Ber 1904, 37, 1094 , 1906, 
39, 906) by the hydrolysis of its crystalline 
diphznylurethant, m p 52-53° The alcohol 
has bp 225-226°, d ls 0 SSI 3, and yields a 
crystalline tetrabromtde m p 116-118° On 
oxidation nerol gives citral b from which it can 
be prepared by reduction, it is more readily 
cychsed than geramol but otherwise it has 
properties identical with those of this alcohol 

G ERAN IOL {use in perfumes) This body, 
so largely employed in perfumery, is usually 
classed with synthetic perfumes, although the 
commercial article is invariably a natural isolate 
It was first separated from Palmarosa oil 
(Cymbopogon martini var tnoha) by Jacobsen 
(Annalen, 1871, 157, 234), and has also been 
found m numerous other essential oils, notably 
in geranium, rose and citronella oils Ab a com 
mercial article geramol occurs m Tanous 
qualities which are of very different perfume 


and money values The difference depends not 
on the absolute amount of true geramol, but 
on the traces of impurities, which vary with the 
particular source from which the oil has been 
isolated 

The alcohol nerol, which occurs in the essential 
oils of neroh, petitgrain, bergamot and others, 
is isomeric with geramol, it has a finer odour than 
geramol and is more highly pnzed in the perfume 
industry 

Geramol and its esters are used to a very con 
siderable extent in the manufacture of artificial 
Otto of Rose, and m many perfumes where a rose 
note is required either as predominant in the 
perfume, or as a subsidiary modifier The 
principal esters are the following 


Ester 

B eaters | 

Sp sr ■ 
at 15 5“ 

Ref 
Index 
at 20* 

Geranyl formate 

113°/15 mm 

0 924 

1 4646 

Geranyl acetate 

244° 

0 914 1 

1 4625 

Geranyl propionate 

— 

0 905 

1 4600 

Geranyl butyrate | 

— j 

0-902 | 

1*4585 

Geranyl valerate 


0 892 

1*4540 


The above figures are necessarily approximate, 
as commercial samples vary slightly from the 
pure esters which are not manufactured on a 
practical scale 

Geranyl Methyl Ether, C l0 H, 7 OMe, is 
a colourless oil prepared artificially, having a 
fruity odour recalling that of bergamot It has 
sp gr 0 880-0 890 at 15 5° , is optically inactive, 
and boils at 208-212° 

E J P 

GERANIOLENE The hydrocarbon, ger 
anioUne, C,H 1# bp 142-143°, d*° 0 767,n B 
1*4368, was prepared originally by Tiemann and 
Semmler (Ber 1893, 26 2724) by the distillation 
of geranic acid (I) It was subsequently pre 
pared (a) from hydroxydihydrogeramc acid (17) 
(Tiemann, »6id 1900, 33, 365) , (6) by the de 
hydration of the alcohol (HI) obtained by the 
action of methyl magnesium iodide on methyl 
beptenone (Gngnard, Thhse de Doctorat, 1901, 
81) , (c) by the elimination of hydrogen bromide 
from 2 6 dibromo 2 6 chmethylheptane (rV) 
(Harries and IVeil, Ber 1904, 37, 846) 


(I) Me,C CH CH* CH, CMe CH CO,H — ^ 

(II) Me,C CH CH, CH, CMe(OH) CH, CO,H^ 

(in) Me,C CH CH, CH, CMe,(OH) J* 

^V) Me,CBr CH, CH, CH, CMe,Br ? 


Me,C CH CH, CH, CMe CH, (Vo) 
Me,C CH CH, CH CMe, (Vi) 

H,C CMe CH, CH, CH, CMe CH, (Vc) 
H,C CMe CH, CH, CH CMe, (Vd) 


jine hydrocarbon prepared by these various 
methods is not homogeneous (Auwers and 
Eisenlohr, J pr Chem 1910, [u] 82 76, 
Anwers and Moosbrflgger, Annalen, 1912, 387, 
183), but is a mixture of the isomendes (Va) 
(V6) (Vc) and (Vrf), ihe actual percentage of 
each isomer present being dependent upon the 
method of preparation used On treatment 


with sulphuric acid geramolene yields cyclo 
fferanioteru, b p 138-139°, d 10 0 8072, n„ I 44731 
(Tiemann and Semmler, Ber 1893, 26, 2724) 
The investigations of Tiemann {ibid 1900, 33 
3711), Wallach and Franke (Annalen, 1902, 
324, 114), Hamea and Weil (Ber 1904, 37, 848), 
Crossley and Gilimg (J C S 1910, 97, 2218} and 
of Escourrou (Bull Soc chira 1926, [iv] 39, 
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1460; 1928, [iv], 43. 1277) have shown cydo- 
geraniolene t o be a mixt ure o f the a-, /?- and y- 
forms (VI), (Vii) and (Vlll). The a-form has 
been characterised by a crystalline mirosate, 
m.p. 102-104°, and a nitrosochloride, m.p. 100- 
120 °. ^ 

Me,C 

'I I ‘ 

H 2 C x ,CMe 
CH 
n. 

Me.C 

‘I I ' 

H 2 C x ^CrCH, 

CH. 

THI. 

J. L. S. 

GERANIUM (artificial). For cheap per- 
fumery, where a very delicate odour is not 
required, there are two synthetic products which 
satisfactorily reproduce the odour of geranium. 
These are diphenyl oxide, Ph.O, white crystals, 
m.p. 2S°, and diphenylmethane, Ph.CH., 
colourless crystals, m.p. 2G C , b.p. 260-261°, and 
d 30 , 1-000. 

-jr t p 

GERANIUM, ESSENTIAL OIL OF 

(Oil of Rose-Geranium). This oil is obtained by 
distillation from the leaves of various species of 
Pelargonium (Fam. Gera maces?) of which more 
than 160 species are known. These plants are 
natives of the dry rocky slopes of South Africa, 
but they are cultivated in Southern Europe, 
Northern Africa, Reunion and in other parts of 
the world. The odours of the various species 
differ considerably, but the majority have a 
strong rose odour on which the value of the oil 
depends. Three types of oil are found in com- 
merce, French, Algerian and Bourbon, the 
market value of which depends largely on the 
crops although the French oil usually demands 
the highest price. Spanish oil of good quality 
is sometimes marketed. 

Constituents . — The main constituents are 
geraniol and citronellol and their acetic, iso- 
butyric, isovaleric and tiglxc esters. Other con- 
stituents are a-terpineol, benzylcarbinol, men- 
thol, menthone, linalool, phellandrene and traces 
of dimethyl sulphide. The mixed alcohols are 
known as rhodinol or reuniol. 
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The proportion of citronellol is variable and 
attempts have been made to value the oil on 
the basis of this constituent. Various methods 
have been suggested and the formylation method 
proposed by Glichitch (Compt. rend. 1923, 177, 
268) has been found the most satisfactory. 

C T B 

GERANIUM OIL, TURKISH OR 
INDIAN. A synonym for Palmarosa oil. 

" German Alloy ” (c. Vol. I, 253a). 

GERMAN SESAME OIL (v. Vol. II 
237a). 

GERMAN SILVER. An alloy of nickel 
with copper and zinc which is not readily cor- 
roded and may be worked in a variety of ways. 
Such alloys contain usually 55-60% of copper, 
20-30% of zinc, and 15-20% of nickel, but 
lower grades may contain only 5-7% of the last 
metal. 

GERMAN ITE. One of the very few 
minerals containing germanium as an essential 
constituent, and noteworthy also in containing 
an appreciable amount of gallium. It has been 
found only in one part of the Tsumeb mine in 
South-West Africa, but there in some quantity, 
being first noticed by H. Schneiderhohn in 1916, 
and described and named by O. Pufahl in 1922. 
It occurs in the massive sulphide ore intimately 
intermixed with tennantite, enargite, pyrite, 
chalcosine, bomite, galena, and zinc-blende. 
Locally it has been known as “ rose ore ” 
because of its reddish-violet colour, which 
tarnishes on exposure to air. It has a dull 
metallic lustre, and gives a black streak. There 
is no cleavage; hardness 24-3; sp.gr. 4-29. 
Polished sections in reflected polarised fight 
show the mineral to be very fine grained and 
optically isotropic, and much veined with other 
minerals. X-ray powder photographs show it 
to be cubic with the same type of structure as 
zinc-blende and tetrahedrite. The unit cell of 
edge 5-290 a is assumed to contain 1 mol. of 
Cu 3 (Fe,Ge)S., and the calculated density is 
4-30. Owing to the intimate association with 
other minerals the few analyses of germanite 
show some variation, and the formula is un- 
certain. E. Thomson (1924) provisionally sug- 
gests 1 6Cu 2 S-4GeS 2 -As 2 S3, and H- Moritz 
(quoted by Schneiderhohn and Ramdohr, 1931), 
from an analysis made on material bored out 
under the microscope from polished sections, 
gives 

2Cu 2 S-(Zn,Fe,Ga)S-(Ge,As) 2 S 3 . 

Analyses of Gebuaxite. 


Me,C 

‘I II 

H„C X /CMe 
CH, 

vn. 


Characters. 

Sp.gr. 
at 15*5°. 

Optical 

rotation 

Wd- 

Refractive 

index, 

4°- 

: Esters 
! calculated 
as 

geranvl 
Oglate, 
per cent. 

French . 

0-896- 

—6° to 

1-465- 

19-28 


0-905 

-10’ 

1-468 


Algerian . 

0 892- 

— 6° to 

1-465- 

14-30 


0 904 

JO* 

1-470 


Bourbon . 

0 888— 

— 6® to 

1-461- 

21-33 


0-890 

-10’ 

1-466 



All these oils are soluble in 3 vol. of 70% alcohol. 



s. 

Co. 

Fe. 

Ge. 

As. 

Zn. 

Pb. 

I. 

31-34 

45-40 

7-22 

6-20 

5-03 

2-61 

0-69 

n. 

30-53 

43-80 

6-27 

8-71 

4-12 

2-69 

T74 

m. 

30-65 

45-39 

4-56 

8-70 

4-13 

2-58 

0-66 

rv. 

30-96 

44-01 

5-0S 

5-10 

6-83 

2-74 

2-26 

v. 

31-44 

39-44 

10-70 

7-04 

4-S6 

3-56 

0-26 

VI. 

31-27 

42-12 

7-80 

10-19 

1-37 

3-93 

0-96 

i. 

O. Pufahl, Metall ti# 

Erz, 

1922, 19, 

324 


also 

SiO, < 

9-75. total 99-24. 


also 

u. 

F. W. 

Kries 

eh ibid. 

1923, 

20, 

257 ; 


Ga 

0-74, Mo 0 03 

, Au,Ag O' 

006, 

Si 0 2 


0-20, total 98-836. 
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III F. W. Knead, Chem Ztg 1924, 48, 961 , 
also Ga 0 76, Mol 282, WO 3 0 184, TiO* 

0 004, Mn 0 02, Nt 0 001, Co 0 013, Cd 
0 071, CaO 0122, MgO 0 055, Ag.Au 
0 005, C 0 136, SiO s 0 226, total 99 549 
tV J Lunt, South African J Sci 1923, 20, 157 
(anal J S Thomas), also Ga 0 57, W 
0 03, Mo.Ati traces, SiO, 184, total 
99 42 

V E Thomson, Umv Toronto Studies, Geol 

Ser 1924, No 17, p 62 (anal E W 
Todd) , also Si0 2 1 68, total 98 98 
VI H Moritz, Neues Jahrb Mm A, 1933, 67, 
118, also Ga 1 85, total 99 49, formula 
CUgfZnjFe^a),, (Ga.As^Sjj-!, 

Other references to germamte are 
J S Thomas and W Pugh, J C S 1924, 125, 
816 Here t)ie hardness is given as 4, and 
sp gr 4 69 

WFde Jong, Z Krist 1930, 73, 176 X ray 
examination 

H Schneiderhbhn and P Ramdohr, Lehrb d 
Erzmikroshopte, Berlin, 1931, 2, p 441 
R Berg and W Keil, Z anorg Chem 1932, 209, 
383 Analysis gave Ge 6 8, Ga 0 74% 

F Sebba and W Pugh, JCS 1937, 1371 
Analysis and extraction by a new method gave 
higher gallium, Gal 25%, with Ge0 2 7 9% 
In addition to argyrodite (qv) in which the 
element germanium was discovered by C 
Winkler in 1886, the only other mineral con 
taming germanium as an essential constituent 
is one described under the name vUrabasite, by 

V Rosicty and J StSrba Bohn (Rozpravy 
Ceshe Akad Cl 2, 1916, 25, No 45 , Z Kryst 
Mm 1920, 55, 430) Tbs was detected on two 
small specimens from an old collection of 
minerals, which were labelled as coming from the 
Himmelsfurst mine at Freiberg, Saxony, the 
same mine that yielded the original argyrodite 
The crystals are orthorhombic with a tetragonal 
habit, streak black, fracture conchoidal, hard 
ness 5, sp gr 6 026 Analysis, S 16 15, Sb 4 60, 
Ag 22 35, Pb 54 16, Cu 0 47, Fe 0 25, Ge 2 20, 
total 100 18, gives the nltrabasic formula 

SbgAgjjPbjgG e s S S3 

Germanium has been detected Bpectro 
scopically in various minerals In the tin 
minerals, cassitente (Ge 0 005%), stanmte, 
cyhndnte, and franckeite In zinc minerals, 
blende, 1 smithsomte (GeO, 0 01%), and in the 
evaporated residue of mine water from Kentucky 
(GeO, 0 29%) In copper minerals, enargite 
from Mexico (Ge 0 01%), native copper from 
Arizona (G e 0 001%) In broolnte from 
Moravia, and in fergusomte from Japan In 
various silicates, topaz from Manitoba (GeO. 
0 001%), lepidolite, tourmaline, spodumene, and 
felspars In gem white sapphire from Ceylon 
In meteoric irons (GeO 01-0 1%) and meteoric 
stones 

„ L J S 

, * A spectroscopic estimation of Ga 2-4 ° n In 

Wena « near Aberytthwytb Wales (W Scutt, 

Phil Mas 19*8 1 vlll 1, 100<), sorely requires confirms 
non- and of Ga l 3% in pyragyme from Colqnechaca, 
Bolivia (J Paplsh, Leon. Geol 1928, 23, 660) Is - 
doubt doe to the presence of associated •myrodlte 


GERMANIUM (At Wt 72 6} At No 32) 
This element, the efca silicon of MendelSef, was 
discovered by Winkler 1 m 1886 m argyrodite 
(qv), a silver germanium sulphide, 

GeS 2 ,4Ag 2 S, 

md in Freiberg in Saxony It is also found 
canfieldite, Ag B SnS e , a stanniferous argy 
rodite, and, to the extent of about 1%, in certain 
other Bolivian thiostannates such as cyhndnte 
(q v ) francJceite (q v ) and tcolfsbergile It is also 
a constituent of germamte (q i ) (“pink eye”) a 
dark reddish grey mineral found m South 
West Africa and which is mainly a copper arsenic 
glance containing 4—10% of germanium Zinc 
blendes, especially those of North America, often 
contain this element which is widely distributed 
in nature, traces being found m almost all 
magmatic rocks and minerals as well as meteo 
rites Like certain other metals it is con 
centiated to some extent m coal and is therefore 
found m coal ash and flue dusts which may con 
tain up to 1 5% of germanium 72 180 

Extraction of the metal is usually accom 
plished in one of the following ways 
(o) By suitable decomposition of the mineral, 
preceded in some eases by roasting to remove 
part of the arsenic and sulphur, followed by 
heating with hydrochloric acid whereby the 
volatile tetrachloride is distilled and collected 
If arsenic is present distillation is performed 
jn a current of chlorine which maintains this 
element in its less volatile qmnquevalent state 
The germanium tetrachloride is converted to 
the dioxide either through the sulphide or bv 
hydrolysis, the product being reduced with 
hydrogen at 900° The resulting metalho 
powder may be rendered massive by fusmg 
under sodium chloride or, alternatively, the oxide 
may be reduced with charcoal under sodium 
chlonde or with potassium cyanide 7 8 10 18 18 
SI 33 42 D2 83 84 

(5) By heating the material at 900-1,000° with 
sulphur or with hydrogen sulphide in a reducing 
atmosphere when germanous sulphide sublimes 
and is collected and roasted to the dioxide 
(BP 378017) From germamte GeS may be 
obtained by the action of ammonia alone 1S9 
Physical Properties — The compact metal 
is greyish white, brittle and highly lustrous , 
fused under salt it possesses a fine crystalline 
structure, the surface consisting of aggregates 
of elongated crystals The lattice is of the 
diamond type and there is no indication of 
allotropic transformations between 20° and 
1,100°K 18 188 It melts at 958 5°, pub 
lished values for the boiling point he between 
1,900° and 2,700° Germanium displaces silver 
from silver nitrate solutions while it may be 
deposited elect rolytically on copper from alkaline 
solutions or, together with tin, from alkaline 
oxalate solutions 121 148 Aston 85 assigns 8 
isotopes to germanium ( 70 Ge to 77 Ge) but 
Bambndge 111 states that the 71, 75 and 77 lines 
are due mainly, if not entirely, to hydrides of 
70 Ge, 74 Ge and 2 *Ge. Other physical proper 
ties are 

Density, 18 80 5 35 , d'-° 5 302 

Hardness, 18 6 25 on Mohs* scale 
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Compressibility, 20 

Kx 10' = — (I3-7S — 6-8 x 1CH E p) 

at 30° for pressures (p) up to 12,000 ks. per sq. 
cm. 

Critical constants, 6 T c =4.170° ; P c =910 atm. 

Specific (atomic) heats, 1 - 1 — mean values, 
0-1 00°=0-0 737(5-33), 0-21F=0-773(5-59), 0- 

300°=0-076S(5-65), 0-140==0-0757(5-47). 

Paracbor,® 4 [P]=37-4. 

3Iagnetic susceptibility, 5 

X(30")=— 0-11S x 10~ f . 

Specific resistance, 11 r=0-0S9 ohm. per cm. at 
0k 

Spectrum. 4 -- 21 - -* The most intense lines 
are as follows : 

Arc; 2,417-37, 2,592-54, 2,651-19, 2,651-57, 
3,039-07, 3,269-51, 4,226-60. 

Spark: 2,592-65, 2,651-29, 2,651-69, 2,709-69. 
2,754-6S, 3,039-20, 4,179-20, 4,226-76, 

4,656-09. 

For spectral series, see Rao and Xarayan, 35 
Rao, 63 Lang, 65 Gartlein 63 and Smith. 47 

Chemc-U. Pp.ofzettfs. — B elonging to the 
fonrth gronp of the Periodic Table germanium 
comes between silicon and tin ; it resembles the 
latter in forming two series of compounds in 
which it is respectively hi- and qnadri-valent 
while its relationship to silicon is seen in the 
hydrides and halides, in the formation of glasses 
resembling fused quartz and the crown and flint 
glasses and in the high melting and boiling- 
points of the metal. Germanium is a com- 
paratively stable element unaffected by moist 
or dry air up to 600" although above this tem- 
perature oxidation begins. It is not attacked 
by hydrogen up to 1,000', and. in the massive 
form, i3 not affected hy halogens at room tem- 
peratures ; the finely divided metal bums in 
chlorine and bromine. Hydrogen peroxide 
slowly oxidises it, the reaction being fairly rapid 
at 90". Germanium is only slowly acted npon 
by mineral acids, hot or cold, although aqna 
regia readily dissolves it. Heated in hydrogen 
chloride it forms gennanoehlorofonn. Sulphur 
vapour attacks heated germanium yielding the 
monosulphide, but hydrogen sulphide has little 
effect below its dissociation temperature ; with 
sulphur dioxide above 500° there is produced a 
mixture of dioxide and disulphide. The metal 
readily dissolves in fused alkalis, alkali per- 
oxides, nitrates or carbonates. 

For the analytical chemistry of germanium, 
see Chemical Asaltsis, H, 555a, 571 a, 595c. 

Allots of Gef.maxium. 

These have received comparatively little study 
and the number of intennefallic compounds 
formed is smalL 

Sodium. — By heating eqxdatomic proportions 
of the elements at 1,000° in the absence of air 
there is formed a hard pyrophoric mass of 
sodium germanide, NaGe, which is decomposed 
by moist air. 74 

Copper. — -The ge rmanium -copper system shows 
several series of mixed crystals and also a com- 
pound, Cu 3 Ge; which forms a eutectic with 
germanium at 650° and 35 atomic per cent . G e. 


The alloys vary in colour with increasing 
germanium content from golden-yellow to 
sT^f^h- white and they are harder but more 
brittle than copper. Aqua regia attacks all the 
and nitric acid those containing more 
than 1 5% Cu ; they are untouched bv hvdro- 
ehlorfc acid and only slowlv affected bv bo iling 
sulphuric acid. 154 

Silver. — Xo stable compounds appear to be 
formed but only a solid solution; the alloys 
form a simple eutectic series the eutectic beinc 
at 650° and 74 atomic per cent. Ag. 67 

Ufagnesium. — Heated together in hydrogen 
in the correct proportions the metals "form a 
brittle dark grey magnesium germanide, Mg„Ge, 
which generates germanium hydrides with 
acids. 15 - 23 

mercury . — Germanium is but slightly soluble 
in mercury and amalgam formation is onlv 
observable above 250°; the resistivity of the 
amalgams is less than that of mercurv at the 
same temperature. 24 

Aluminium. — Xo compounds and no solid 
solutions are formed although all alloys show 
the presence of a eutectic containing 29-5 atomic 
per cent. Ge, m.p. 424°. Their hardness in- 
creases with the germanium content and is 
greater than for the corresponding silicon- 
aluminium alloys. 151 Germanium may replace 
silicon in alloys of the duralumin type. 23 

Lead. — Xeiiher solid solutions nor eutectic is 
observed, the germanium separating completely 
on cooling the melt. 73 The behaviour with fin 
appears to be similar. 131 

Tellurium. — A compound GeTe is formed, 
m.p. 725°, d 13 6-20 which is not readily acted 
on by acids other than aqua regia. 123 

Uses. — Little use has, as yet, been made 
either of the metal, its allovs or derivatives. 
Its sulphide has been suggested as a hydro- 
genation catalyst while zinc or magnesium ortho- 
germanate has been proposed as a luminescent 
material in the fluorescent screens of cathode- 
ray tubes (B.P. 414905). Some of its derivatives 
may prove useful in ansemia although they 
appear to have little value against experimental 
infections. 145 

CoHForxns of Geeillstuit. 

With Hydrogen. — Germanium solutions when 
reduced electrolytically or by means of sodium 
amalgam or aluminium and dilute alkali evolve 
a gas with an unpleasant odour and which burns 
with a bluish-red flame. Passing the gas 
through a heated tube or inserting a cold surface 
into the flame causes the deposition of a metallic 
film or mirror which is soluble in sodium hypo- 
chlorite. 2 - 13 - 14 - 15 - 2G - 135 On an analogy with 
arsenic the gas was presumed to be germanium 
hydride ( monogermane , germanomelhane). GeH,, 
and this was confirmed by passing it into silver 
nitrate solution when a black germanium-silver 
complex was deposited. 2 - 15 Monogermane is 
also produced by treating zinc or magnesium 
alloys of germanium with sulphuric or hydro- 
chloric acids or by the action of ammonium 
bromide in liquid ammonia on magnesium ger- 
manide. 125 It boils about -90°, solidifies at 
—165° while the molecular weight from the 
vapour density is 76-66 (GeH 4 =76-63). 
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The gas produced above contains not only 
monogermane but also digermane (germanoethane ), 
Ge a H s , and tngermane ( germanopropane ), 
Ge a H g , these are separated by fractional dis 
tillation of the liquid obtained by cooling the 
mixed gases in liquid air Digennane is a 
colourless liquid, bp 29°, mp —109°, dua 
1 98 Exposed to air it gradually forms a dark 
brown solid , under certain conditions the 
reaction may be so accelerated as to cause 
emission of light It is insoluble in water 
which, however, slowly attacks it, producing in 
the aqueous layer a white precipitate becoming 
yellow and then brown , with caustic soda 
(33%) a combustible gas is evolved 
Tngermane is also a colourless liquid, bp 
110 5°, mp —105 6°, dm 2 20, it forms a 
white solid in air hut is unaffected by caustic 
soda solution 25 1!8 

Monogermane reacts with sodium in liquid 
ammonia to form sodium tnhydrogermanide, 
NaH 3 Ge, a white solid crystallising with 6 mol 
of ammonia which are lost in stages, with 
oxygen the germanide yields sodium meta 
germanate while on standing it readily evolves 
hydrogen leaving sodium germanide, NaGe 
This is probably the same as the product formed 
by heating the elements in the absence of air and 
which gives with water a dark brown powder, 
germanium monohydride, (GeH)*, the latter 
decomposes slowly on drying m the absence of 
air and readily in its presence 74 128 
Acid hydrolysis of calcium germanide pro 
duces a germanium dihydnde (GeH,) x This 
amorphous, non volatile, yellow solid reacts 
explosively with oxygen for m ing water and the 
metal while Bodium hydroxide successively re 
places H by OH Bromine oxidises it to the 
tetrabromide but halogen acids produce ger 
raanous halides together with mono , di and 
tngermane formed by reduction of some of the 
dihydnde by the liberated hydrogen 112 

Halogen Derivatives oe Germanium 
Germanous Fluoride, GeF a — Reduction 
of the tetrafluonde with germanium at 100-350° 
yields a white hygroscopic sublimate stated to 
be the difluonde, for its aqueous solution has 
reducing properties and deposits germanous 
sulphide on acidification and treatment with 
H a S Heated above 350° it reproduces the 
tetrafluonde and germanium 2 48 
Germanic Fluoride GeF 4 — A solution of 
germanium dioxide in hydrofluono acid when 
evaporated over sulphunc acid slowly deposits 
white crystals of the tnhydrate, GeF 4 3H.O, 
which is readily soluble in, and hydrolysed by, 
water 2 - 4 The anhydrous fluonde is a colour 
less fuming gas forming no liquid phase at 
ordinary pressure , in liquid air it condenses to 
a white crystalline solid which sublimes on 
raising the temperature It is best made by 
heating barium germaniflaonde at 700°, con 
densmg the product in liquid air and frac 
tionating in a vacuum apparatus 48 Liquid 
GeF 4 is formed at —15° under its own vapour 
pressure of 3 032 mm , d u , — 18 *° 2 40, 
rf«oU4 - ,M * 3 148, the vapour density (6 71 
g per litre at 21°C and 76G 4 mm ) shows the 
absence of polymerised molecules 182 118 


Germanic fluonde dissolves m water to a clear 
acid solution which slowly deposits the dionde, 
addition of potassium hydroxide to the clear 
solution precipitates potassium germantfiuonde, 
KjGeFg Germamfluonc acid has not been 
isolated but many of the salts have been made of 
which the alkali and barium ones are sparingly 
soluble and slowly hydrolysed in water 4,8 
Germanium Chlorofluorides — The 
chhrojluorides, GeCIF,, GeCl 2 F 2 and GeCl s F 
are formed when GeC! 4 is acted on by antimony 
tnfluonde in the presence of antimony penta 
fluonde as catalyst The first two are gases 
boiling at —20 3° and -2 8° and solidifying at 
—66 2° and —61 8° respectively while GeCl s F 
is a liquid with bp 37 5° and m p —49 8° 
They are hydrolysed in moist air more readily 
than germamo chloride and tend to rearrange 
into this substance and the tetrafluonde 143 
Chlorogermanes — Hydrogen chloride and 
monogermane react in the presence of anhydrous 
alu mini um chlonde to produce monochloro 
monogermane, GeH 3 CI, and dickloromono 
germane GeH 2 CI 2 as mobile colourless liquids 
boiling respectively at 28° and 69 5° They 
decompose slowly at ordinary temperatures, 
fume in moist air, and, on hydrolysis, give 
germanous oxide, hydrochlonc acid and hydro 
gen With absolute alcohol a white precipitate 
is formed 88 118 

Trichloromonogermane (Germano- 
chloroform), GeHCI s — Gently heated ger 
mamum reacts exothermically with hydrogen 
chlonde whereby hydrogen lsliberated and a con 
densate produced which, according to Winkler, 
consisted of GeHC1 3 and the oxychlonde, 
GeOCIj, these being separated by distillation 
Later work has shown that the tetrachlonde is 
also formed and cannot be removed from the 
GeHCI 8 by distillation The tnchlorogermane 
is therefore obtained by the action of hydrogen 
chlonde on germanous chlonde 87 , it is a colour 
les3 liquid, bp 75 2°, mp —71°, d° 1 93 , it 
fumes in moist air and forms with a httle water 
a white solid while larger amounts produce 
the orange germanous oxide Above 140° it 
decomposes first into the dichlonde and then 
into tetrachlonde and germanium Electrolysis 
of a solution in TN HCI produces either 
germanous oxide or a solution of bivalent 
germanium 183 With oxygen the following re 
action is said to take place 
4GeHCl s +0 2 =2GeCI 4 +2GeCI 2 +2H 2 0 
although Winkler believed that GeOCI 2 was 
formed This oxychloride is, however, made by 
passing the vapour of germanochloroform over 
silver oxide , it is a colourless liquid, m p —66° 
insoluble in inorganic and organic solvents, and 
decomposing at 110° into GeO and chlonne 104 
For the Raman spectrum of GeHCI s , eee 
Volknngcr and others 181 
Germanous Chloride, GeCl a — Formed as 
an intermediate in the thermal decomposition of 
germanochloroform.it is beat obtained byheating 
the metal at 350° m the vapour of germamo 
chloride this reaction being reversed on heating 
the product above 76“ in vacuo The light yellow 
solid is insoluble in alcohol, chloroform or water, 
hut the last medium slowly hydrolyses it to the 
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monoxide CUorine oxidises it to the tetra 
chlonde, hydrogen chloride gives triehloro- 
monogermane while bromine prodaces a mixture 
of tetra chlonde and tetrabromide ; drv oxveen 
slowly generates the tetrachloride and dioxide. 63 
On mixing hydrochloric acid solutions of ger- 
manons and rubidium or cssinm chlorides there 
are precipitated the germanochloride s, RbfG eCM 
and CsfGeCIJ; double salts with quinine and 
pilocarpine hydrochloride are also known. 65 

Germanic Chloride (Germanium tetra- 
chloride), GeCl 4 . — Obtained by heating the 
me chorine, 1 ’ 16 * ~ 5 the dioxide in phos- 
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gene, 40 or by distilling a solution of the dioxide 
in concentrated hydrochloric add and separating 
,a - ver of tetrachloride from the 
add.- ' The product, after fractionation and 
removal of any chlorine or hydrogen chloride 
by the passage of dry air, is a colourless limpid 
liquid, b.p. 83-0% m.p. -50% 4 1-879, re- 
fractive index ji^‘ 1-4602, vaponr densitv 
at 301-5°=7-45 (GeCI,=7-43). The critical 


. v — vxiuwa 

prepare is 38 atm., critical temperature 276*9 ! 
and dielectric constant at 30 3 , is 2*65 ; the di- 
electric behaviour shows a zero moment and a 
probable symmetrical tetragonal structure for 
the molecule. 127 ’ ^ i*s 

The tetrachloride fumes in moist air and is 
easily hydrolysed by water; it is soluble in 
many organic solvents and almost insoluble in 
hydrochloric and sulphuric acids; the latter 
acid has no effect on it while nitric acid onlv 
slowly attacks it. Al kal is react vigoronslvgiving 
cleat solutions from which carbon dioxide pre- 
cipitates germanium dioxide. With drv am- 
monia there is formed a mixture of germanium 
imide and ammonium chloride, a light white 
powder slowly attacked by water. 40 Heated 
with oxygen at 900° the tetrachloride fields an 
oxychloride, Ge 2 OCI 6 , b.p. 70713 mm. 63 

B ro m ogerm an es . — Jfonobromomonogcrmane. 
and dibromomonogermane are colourless liquids 
resembling the chloro derivatives and prepared 
similarly. The former has b.p. 52°, m.p. —32% 
“T 5 2-34 and the latter b.p. 89% m.p. -15°, 
d° 2-80. 

Germanobromoform, GeHBr 3 .— Formed 
by the action of hydrogen bromide on germanous 
bromide, 43 - 44 it is less stable than the chlorine 
analogue which it otherwise resembles; it 
begins to dissociate above 10° while the melting- 
point lies between —24° and —25°. 

Germanous Bromide, GeBr„. — Colourless 
plates or needles, m.p. 122°, subliming with some 
decomposition at 125 c and formed by vacuum 
distillation^ of the mixture of GeHBr, and 
~ e ®f« arising from the action of hydrogen 
bromide on the metal at 400°. When the mix- 
ture is maintained at 90° in vacuo the bromoform 
decomposes into dibromide and hydrogen 
bromide and the latter is pumped off together 
with the tetrabromide. Germanous bromide is 
also obtained by reducing the above mixture 
with zinc, filtering off zinc bromide and removing 
the unaltered tetrabromide as before. The 
dibromide dissolves in alcohol and acetone the 
solutions having reducing properties; water 
hydrolyses to £ enDanous oxide while bromine 
and hydrobromic acid produce tetrabromide and 


bromoform respectively. 43 . 44 Solutions of ger- 
manous bromide in hydrobromic acid rive 
precipitates with casium and certain quaterimrv 
ammonium and arsonium bromides 133 
Germanic Bromide, GeBr‘— Prepared 
similarly to the tetrachloride although the re- 
reacbon between the elements is not as" vigorous • 
colourless, octahedral crystals, m.p eg.b y. ' 

186-5°, % 3-1315, 4=' 1-6269, specific 'cot 
<0-00008 mho. at 30’; the liquid 
exhibits to a marked degree the phenomenon of 
supercooling. In properties it closelv resembles 
its chlorine analogue. 2 - 15 > 22 .ss.im 
1 o dogerman es. — Iodomonogermanes, al- 
though stated to be formed, have not been 
isolated. es 

Germanous Iodide, Gel..— When the mix- 
tnre of chlorides arising from the action of 
hydrogen chloride on germanium is converted 
to oxides and treated with hydriodic acid there 
is formed the sparingly soluble tetraiodide and 
the more soluble diiodide. On fractional crvstal- 
lisation from hydriodic acid the diiodide is 
obtained as yellow hexagonal plates resembling 
lead iodide ; the cxystaf structure is of the C6 
type. 160 It sublimesabove 240’ with some decom- 
position, is insoluble in hydrocarbons, sb'ghtlv 
soluble in chloroform and" readily dissolves in 
water and dilute acids. 3 *- 43 ■ The solution in 
hydriodic acid gives a black precipitate with solid 
cesium chloride. 141 

Germanic iodide, Gel 4 . — Iodine vapour 
acts on germanium at 360% forming not only the 
orange tetraiodide but also some yellow di- 
iodide, 1, the former is therefore best obtained by 
evaporating a solution of the dioxide in hydriodic 
acid and crystallising the residue from chloro- 
form or carbon tetrachloride 83 ; the crystal* are 
isomorphous with those of stannic iodide. 33 - 1 ' 3 
The colour of the iodide varies with temperature 
being canaiy-yellow at — IS5° and ruby-red at 
140’ ; m.p. 146% IT b.p. 350-400V with decom- 
position, 4 4-3215; it may be sublimed with- 
out appreciable decomposition if carefully heated 
just above the melting-point. Many organic 
media dissolve it, but the solutions in alcohol, 
acetone, ether and pyridine decompose im- 
mediately; carbon tetrachloride solutions give 
white precipitates with dry ammonia and many 
amines. 1 "’ 67 - 163 

GeKJIA>-TU3I AMD OXYGEX. 

Germanous Oxide, GeO. — Formed as a 
black sublimate by heating the dioxide in carbon 
monoxide or a mixture of dioxide with carbon 
or germanium at 850-900’ in nitrogen. At 
these temperatures it attacks quartz and porce- 
lain glaze and the operations must be con- 
ducted in unglazed porcelain ; the monoxide 
begins to sublime at about 710’. It i* more 
easily prepared by reducing gcrmanic salt solu- 
tions with zinc and sulphuric acid or, bettor, 
with hypophosphorous acid, precipitating orance 
vcllow" g-niarous hydro rid' with ammonia and 

j 41,1. nllrrv — rn nf (\T>CC V H^n tho black 

The f,-, droll! 
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dryinn this in nitrrern at 050 
crvstalline oxide i* formed.” 


or, more probably, hydrous ox;d 
bv hvdrolvsis of the dihnhde* ; it i* 
soluble in alkalis and in the hal-qrm rrid 
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The crystalline monoxide is stable in air at 
ordinary temperatures and is only slowly 
attacked by acids, alkalis or oxidising agents 
With chlorine or bromine at 250° it forms the 
tetrahahde and dioxide while hydrogen chlonde 
at 175° produces germanochloroform 
For the band Bpectrum of GeO, see Shaw 110 
and Sen Gupta 154 183 

Germanic Oxide (Germanium Dioxide), 
GeOj — -The oxide is usually obtained by one 
of the following processes (a) heating the finely 
divided metal in oxygen or with nitric acid 1 
or hydrogen peroxide 48 , (b) oxidising the 6ul 
phide with nitric acid 1 24 33 or with hydrogen 
peroxide and ammonia 13 , (e) hydrolysis of the 
tetrahahdes or sulphide Although no hydroxide 
is known the product ohtained from aqueous 
solution must be ignited at 900-1 000° to remove 
all moisture, while the preparation from oxidation 
of the sulphide tends to retain sulphuric acid 
from which it may be freed by moistening with 
ammonia and re igniting 

Germanic oxide is a heavy white microcrys 
tallrne powder and can exist m two or more 
allotropic modifications Evaporation of an 
aqueous solution of the oxide followed by heating 
to temperatures between 225° and 1,000° 
(optimum 380°) gives a product partly converted 
to a form insoluble in water, hydrochloric or 
hydrofluoric acid and only slowly soluble in hot 
alkalis 14 Conversion into this insoluble modifi 
cation is catalysed by water vapour or by a 
mixture of lithium and potassium chlorides 
Hydrolysis of the tetrachloride or devitrification 
of the glass produced on fusing the dioxide leads 
to a soluble variety , the two forms are enanti 
otropic with a transition temperature at 1,033° 
The soluble oxide is unstable below this and has 
a stable melting point at 1 116° its density at 
25° is 4 228, refractive index w 1 695 while the 
crystal structure is trigonal trapezohedral and 
isomorphons with a quartz 84 The insoluble 
modification has an unstable melting point at 
1,086°, d 3S 6 239, refractive index o> 1 99 
crystal structure, tetragonal and isomorphons ; 
wA'ci to V ie M>m ' 1 

The solubility of the oxide m sulphuric or 
hydrochloric acid is small and decreases with 
the concentration although with the latter a 
minimum is reached at 3 5N Alkalis readily 
dissolve it while the solubility in water at 25° 
is about 4 5 g per 1 000 g H 2 0 41 88 The 
aqueous solution is partly colloidal and the 
solubility depends on the ratio of GeO s to H 2 0 
m the original oxide 88 It is weakly acid and con 
tains HjGeOj dissociation constant of which, 
according to Schwarz and Huf 88 is 0 5x 10 -7 , 
Gulezian and Muller 87 give 1 3 x 10~* for this 
constant and 31 3 for the mobility of the 
HGeOj' jon while Pugh 81 states that the acid 
is dibasic the first dissociation constant being 
2 6 x 10 - * and the second 1 9 x lfr~ 18 When 
the dioxide is heated to 1,400-1 500“ it fuses to 
a clear glass, d“ 3 637, refractive index 1 607 
The dispersive power and thermal expansion are 
greater than for fused silica while the trans 
mission m the ultra violet is smaller A number 
of glasses have also been made corresponding to 
the various silicate glasses Fused germama 
attacks platinum, quartz and glazed porcelain 


and fusions must be earned out in unglazed 
porcelain and out of contact with reducing gases 
or carbonaceous matter The fused oxide is 
acted on by water and acids and dentnfles on 
heating below the fusion point 89 87 183 157 
A germanium dioxide gel having adsorptive 
power of the same order as silica gel has been 
made from germanium ethoxide, Ge(OEt) 4 
alcohol and water* 1 No definite hydrate of 
germanium dioxide exists 88 

Salts of Germanic Acids — Most of the 
salts are derived from the meta acid, H 2 GeO s 
but a number of ortfiogermanates are known while 
salts of condensed ortho acids such as the 
germanium analogues of Thortreihte, Sc 2 Si,0 7 , 
and Benttoxte, BaTiSijO, (jr) have been 
synthesised The general method of preparing 
these complex salts is by fusing or sintering 
intimate mixtures of the oxides m stoichio 
metric proportions 84 

Some of the metagermanates, notably the Li 
(anhydrous) Na (7 and 6H 2 0), Sr (anhydrous) 
and Ba (4 and 5H 2 0) salts, have been obtained 
crystalline from aqueous solution They are 
decomposed by carbon dioxide and the solutions 
therefore slowly deposit GeO, on exposure to 
air From solutions of copper salts, sodium 
metagermanante precipitates a basic copper salt, 
2CuO GeO, H,O t while with aluminium chlo 
nde there is deposited a germanate, 

Al 2 0 3 2GeO. «HjO, 

in which the water 19 zeolitic 41 89 - 71 
Magnesium orthogermanate is used in the 
estimation of germanium and is precipitated in 
amorphous form by treating germanium solu 
tions with magnesium sulphate, ammonium sol 
phate and ammonia , when crystalline it is iso 
morphous with Forstente, Mg 2 SI0 4 * 84 
Hydrogen peroxide at 0° acts on a concen 
trated solution of sodium metagermanate to 
precipitate sodium perdiyermanate, 

Na 2 Ge 2 0 7 4H 2 0, 

while from the filtrate alcohol deposits sodium 
permetagermanate Na 2 Ge0 s 4H 2 0 A potas 
stum perdtgermanatc 13 also known 70 
Complex Acids of Germanium — Addition 
of mannitol, glycerol or other poly hydroxy 
alcohols increases the solubility of germanium 
dioxide in water and the resulting complex acids 
may be titrated with sodium hydroxide as in the 
case of bone acid 88 149 

Like silicon, germanium forms heleropdy acids 
with molybdic and tungstic acids These have 
been given the formula H g f G e (M o 2 0 7 ) 6 ]28 H 2 0 
and H 8 [Ge(Wj0 7 ) # ]28H t 0, although they 
should probahly be regarded aa 

H 4 GeX 12 O 40 29H t O (X=Mo or W) , 
other hydrates are also known 78 78 83 1!4-14t> 
Denvatives of 10 tuvgstogermamc acid, 
H 7 GeW 10 O 32 

have been made bnt the acid itself has not been 
isolated * x 

Germanium also forms a complex germano 
oxalic acid, H 2 Ge(C 2 0 4 ) 3 of which the quinine 
and strychnine salts have been prepared 188 
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Tlic oxide obtained by hydrolysing the halides 
is not a single substance and Morgan and Drew 
have isolated from it trianhydrotetrakisdiphcnyl- 
germavediol, 

HO-GePh*-0-GePh 2 . 

>° 

HO-GePhyO-GePh/ 

and the closed-ring lelraanhyd.ro derivative. 

Monophenyl Derivatives. 31 - 81 -® 0 ' 120 - 142 — 
Phenylgermanium trichloride, PhGeCI 3 , is pre- 
pared (a) by heating GeCI 4 and GePh 4 under 
pressure, (b) by heating GeCI 4 and mercury 
diphenyl at 140° in xylene and (c) by beating 
iodobenzene with CspGeCI 3 ] at 250°. It is a 
colourless liquid, b.p. 105-106°/12 mm.; the 
tribromide boils at 120-122713 mm. while the 
triiodide is a solid, m.p. 55-56°. Hydrolysis of 
these leads either to phenylgermanonic acid, 
PhGeOOH, or its anhydride. 


Polygeemanitjm Phenyls. 

Hexaphenyldigermane, Ph 3 Ge — GePh 3 . — 
Formed during the prolonged action of Ph MgBr 
on GeCI 4 or by the electrolysis of Ph 3 GeNa in 
liquid ammonia, it is usually obtained by heating 
Ph 3 G e B r with sodium in xylene or by the inter- 
action of Ph 3 GeNa and Ph.GeF. Colourless 
microcrystalline powder, m.p. 340°, only 
slightly soluble in organic solvents. 31 - 49 - 130 - 137 
Octaphenylgermanopropane, Ph g Ge 3 . — 
Prepared by the action of 2 mol. of Ph 3 GeNa on 
1 mol. of Ph 2 GeCl 2 in warm benzene ; it forms 
colourless plates from chloroform, m.p. 247-248°, 
and is stable towards moisture. 81 

Sodium in xylene reacts with diphenylger- 
manium dichloride to yield some germanium 
diphenyl,* 1 probably (Ph 2 Ge) 4 , a white crystal - 
_line material, m.p. 294-295°. The corresponding 
reaction with the trichloride, PhGeCl 3 , gives a 
product, (GePh) c , which was first thought to 
have a cyclic structure but which is now regarded 
as an open-chain compound. 00 - 148 
The only definite ring structures containing 
germanium appear ; to be l:l-diethylgermanium- 
cyclo penlamethylene 


CH 2 -CH 2X 

CH 2 < >GeEt 2 

\ch 2 -ch/ 


and the corresponding 1:1 -dichloro derivative. 
The latter is made from the Grignard reagent of 
a:e-dibromopentane. 108 

Alt YL -ALKYL DeBIVATIVES OF GEBJIANITOi. — 
A number of mixed axyl-alkyl germanium com- 
pounds have been made of which the most 
interesting is probably ethylisopropylphenyl- 
germanium bromide 


Pr£ 

Et 


X 


Ph 

Br 


on an analogy with carbon the germanium atom 
is asymmetric but the compound has not been 
resolved. 80 

Germanium Derivatives of jS-diketones. 22 
— Germanium tetrachloride reacts with acetyl- 


acetone in anhydrous solvents, forming ger- 
manium bisacetylacelone dichloride (I), colourless 
prisms, m.p. 240°, sparingly soluble in organic 
media. With the tetrabromide the reaction is 
alow and the yield is poor; the dibromide is a 
colourless microcrystalline powder, m.p. 226°. 
The corresponding propionylacetone derivatives 
have also been obtained. 

With copper acetylacetone germanic chloride 
gives unstable complex intermediate products 
which resolve on crystallisation into germanium 
(risacetylacetone cuprochloride (II), colourless re- 
fractive prisms, m.p. 147-148°. The analogous 
cuprobromide is obtained in a like manner but 
is accompanied by a dicuprobromide, 

[Ge(C 6 H 7 0 2 ),]Cu 2 Br 3 . 


[(CH 


/ 


C(CH 3 )-0 


\ 


N 'C(CH 3 ):0 / 


» 2 GeX 2 ] 


[(CH 


C(CH 3 )0 


\ 


C(CH 3 ):0 - '" 

n. 


•) 3 Ge]CuX 2 


X=C! or Br 
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The chloride was obtained m the form of small 
brownish needles of the telrahydrate, 

CuH t |0,CI,4H t 0 f 

when a solution in hot 0 1% HCI was mixed 
with an equal volume of 5% methyl alcoholic 
HCI A iasic chloride, 2C sl H 20 O s ,HCI,8H 2 O, 
when dried in air, and 2C 21 H 20 O,,HCI,H 2 O, 
after drying at 110° in a high vacuum over 
phosphorus pentoxide, separated in the form of 
minute brown crystals when the acid concen 
tration of a 0 1% HCI solution was increased to 
2% The chloride is almost insoluble in 2% 
HCI or m acetic acid , it dissolves sparingly m 
0 5% HCI to a yellowish brown solution The 
orange yellow alcoholic and n butyl alcoholic 
solutions exhibit a green fluorescence The 
aqueous or alcoholic solution gives a fine bluish 
rose coloration on the addition of sodium acetate, 
sodium carbonate, ammonia or sodium hy 
droxide The distribution to tsoamyl alcohol is 
superficially similar to that of a normal di 
glucoside Under the conditions defined by 
Robinson and Todd (J C S 1932, 2290, 2492), the 
distribution number (n butyl alcohol) is 60 
{3 18 mg in 50 c c of the mixed solvents) 

W B 

GETAH WAX v Fio Tree Wax 
GEYSERITE or SILICEOUS SINTER 
(Ger Kitsdsinler ) An opaline form of hy 
drated silica deposited by the hot springs 
(geyBers) of volcanic regions It 13 white or 
greyish in colour and porous m texture On the 
extenor it usually assumed fantastic shapes — 
stalactitic, filiform and cauliflower like masses 
— and it is sometimes found encrusting plants 
Compact massive and pulverulent forms also 
occur Sp gr 1 8-2 0 The material consists 
of nearly pure silica, SiO t 82-97% with H s O 
3-10%, and small amounts of aluminium, iron 
calcium, magnesium and alkalis Immense 
deposits occur in Iceland, New Zealand, Luzon 
in the Philippine Islands, Azores, and Yellow 
stone National Park in Wyoming Its use has 
been suggested for the manufacture of porcelain, 
glass, sihea glass, etc , and as an inert filling 
material 

L J S 

GHEDDA or East Indian (Bees*) Wax 
The wax secreted by the oriental species of bee. 
Apis 1 7i <f ico Fab , A fiorea Fab , and A dorsala 
Fab M p 62-63°, solidifies at 59-58°, acid value 
5-7 5 ester value 86 92 

GHEE (Hindustani, “ Ohi ”) consists of 
clarified butter fat and is extensively employed 
in India as a general edible and cooking fat, it 
also finds considerable use as an external medica 
ment (very old ghee is regarded with especial 
favour for this purpose) and in religious cere 
monies It is prepared bj heat mg ( boiling”) 


butter until most of the water has evaporated 
and the fat layer becomes clear and can be 
separated from the curd and residual water by 
decantation and/or straining The quality and 
flavour of the preparation, which naturally 
depends upon the care exercised in the manu 
facture of the butter (e Butter) and m its 
subsequent treatment, is gradually improving, as 
modern procedures replace the older crude 
native methods (Kothavala and Cox, J Central 
Bur Animal Husbandry Dairying, India, 1927- 
28, 1, 95 , French, Bull Imp Inst 1936, 34, 
32) The best quality of ghee is a white or 
yellow fat of fresh butter like flavour, which 
keeps indefinitely if stored in porous earthen 
ware vessels, whilst the lower grades, which have 
been imperfectly clarified m the primitive native 
processes, soon develop a characteristic flavour 
and sharp rancid taste Ghee of good quality 
may also be manufactured directly by boiling 
(clarifying) washed fresh cream, or soured cream 
(French, Ic , Bull Imp Inst 1938, 36, 349, 
Dave, Poona Agr Coll Mag 1935, 26, 142) 

The purified dry butterfat has better keeping 
properties than ordinary butter and, hence, 
ghee like preparations made from local butters 
are to be found not only in other hot countries 
such as Egypt (where the fat is termed 
“ Samna ”), Nigeria and Tanganyika, but 
among peasant populations m Russia, Germany 
(as “ Schmelzbutter " or “ Butterschmalz ’ ), 
etc 

In India, the fat sold under the name of 
“ghee” may be derived from cow butter or 
buffalo butter or from mixtures of both, and 
ordinarily no distinction is made between the 
two varieties, even in the matter of price Ghees 
prepared from the milk of other animals, such 
as goats, may also be met with in some countries 

The following figures are reported by Godbole 
and Sadgopal from the exammation of a number 
of authentic Indian butterfats (“ Butterfat 
(Ghee),” Benares, 1939, p 17, cf Bhattacharya 
and Hilditch, Analyst, 1931, 66, 161) 


| Table I — Properties of Indian Butterfats 
(Godbole and Sadoopal) 






butterfat 

butterfat 

Specific gravity at 
16°C 

0 9358-0 9443 

0 9340-0 9444 


(butyro refractometer 
at 40') 


40 0-43 5* 

Melting point 

28 5-42 0°C 

32 0 43 5*C 

Saponification value 




24 6-35 5 

I’olenske value 


0 8-2 2 

Bertram A value 



Bertram B value 


3*7 9-35 5 

Iodine value 1 


26 5-44 0 

Thlocyanogen value 1 

25 6-40 8 I 

22 7-40 0 


* Cf Budhalakotl and Mukherjl J Indian Cheni 
Soc 1935.12, 455 , Iodine values 30*50 


The Kirschner values of cow butter ghee and 
buffalo butter ghee (two samples each) examined 
by Bhattacharya and Hilditch (I c ) were 20 6- 
20 9 and 24 6-25 G respectively 
It mil be noted that the figures for both fats 
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fall within the ranges of values commonly 
accepted for European bntterfats (r, Buttes). 
The butyric add values of six samples of standard 
butters from the Indian market examined by 
Godbole and Sadgopal (op. cit. p. 77), however, 
range from 24-1-26-0 (average 25-2), which is 
considerably higher than the average figure of 
20 reported by Grossfeld for European butter 
fats. Correspondingly, the content of butyric 
and caproic acids in the Indian fat appears to 
be slightly higher than that of the European 
butter fats (Sadgopal). Bhattacharya and 
Hilditch (lx.) give the following figures for the 
percentage composition of the fatty acids from 
two samples 1 of first quality buffalo ghee having 
iodine values respectively 32-5 and 33-5 : butyric 
add 3-9, 4-1; caproic add 1-7, 1-4; caprylie 
add 0-3, 0-9 ; capric acid 0-9, 1-7 ; lauric acid 
2-0, 2-8 ; myristic add 7-2, 10-1 ; palmitic add 
20-0, 1 31-1; stearic add 24-4 1 , 11-2; arachidic 
add 2-7, 0-9 ; oldc add 34-3, 33-2 ; linolic add 
2-6, 2-6. Figures approximating to those for the 
second sample have been reported by Godbole 
and Sadgopal (op. cit. p. 18) as the average results 
of the examination of more than forty samples 
of buffalo ghee. These analyses show that the 
proportion of butyric and stearic adds in buffalo- 
butter fat is distinctly greater than in cow- 
butter fat, and the proportion of linolic to oleic 
add is lower; arachidic acid has also been 


detected in the adds of buffaio-bntter fat, but 
is absent from cow-butter fat (Bhattacharva and 
Hilditch). 

The glycerides of the second sample of buffalo 
ghee described above were found to comprise 
about 34 moL-% of fully saturated triglycerides 
and 42—54 moL-% of mono-unsatumted-di- 
saturated glycerides, the balance consisting of 
di-unsaturated and/or tri-unsaturated glycerides. 
Allowing for its particular content of linolic and 
oleic adds, the general structure of the fat is 
thus comparable to that of cow-butter fat (v. 
Bctteb), and, as in the case of other animal fats, 
is of the “ mixed heterogeneous ” type : i.e. 
there is no evidence of any selective assodation 
of unsaturated and saturated adds, or of segre- 
gation of any particular fatty add in the form 
of simple triglyceride. 

Standards for ghee, which have been laid 
down by the Ghee Conference of the Govern- 
ment- of India, 1937-3S (Schedule IH : normal 
physical and chemical constants of “ Ghee ” 
to which designation marks may he applied) 
are shown in Table II; these standards are 
severely criticised by Godbole and Sadgopal on 
the ground that the limits given for various 
characteristics are too narrow and liable to 
exclude a very large number of genuine samples 
of cow and buffalo ghee (cf. Brahmachan, 
Indian Med. Gaz. 1935, 70, 71). 


Table II. 



Cow ghee, 
yellow label 

Buffalo ghee, 
blue label. 

Special, 
red label. 

General, 
green label. 

Bntyro-refractometer at 40' C. 

Moisture 

Saponification value 

Beichert-Meissl value 

' Polenske value 

! Kirsehner value 

[ Free fatty acids as oleic acid . 

40-5-42-5° 

>0-5% 

222-226 

26-28 

1 -5-2-5 
20-25 
>1-5 

40-5-42-5° 

>0-5% 

226-234 

<130 

I-OM-75 

<£25 

>1-5 

4 0-5-42-5° 
>0-5% 
222-234 
<28 
1-0-2-0 

>1-5 

40-5-43-5° 

>0-75% 

220-236 

<£24 

0-5-2-5 

>2 


Concerning the content of vitamin-A in ghee, 
fee papers by B. X. Banerjee et. ai., in Ague. 
Live-Stock India, 1935 onwards ; Grewal, Quart. 
J. Pham. 1933, 6, 650. 

Ghee is liable to be adulterated with animal 
or vegetable fats or hydrogenated fats of suitable 
consistency: its analysis follows the lines 
described for butter fat in the article Buttes 
(tee. also “Standard Methods of Analysis for 
Testing and Grading Ghee,” 1938, published by 
the Government of India ; T enkatachalam. 
Analyst, 1937, 62, 732 ; Daroga and Sidheva, 
Ind. and News, Ed., J. Indian Chem. Soc. 1938, 
1, 91). Godbole and Sadgopal recommend a 


1 The first sample was prepared from the milk of 
of ilnrrah buffaloes fed on dry grass and green rennet 
‘pith the addition of concentrates containing cotton* 
seed- ses am e- cak e and lentil-husks ; the second yrzs a, 
market sample derived from pasture-fed animals. 
The authors remark in regard to the first sample, that 
insufficient material mas available to permit them to 
repeat the analysis as they would have fnshed to do in 
vievr of the unexpected results obtained for the con- 
tents of stearic and palmitic adds. The presence or 
arachidic acid, however, is regarded as definitely 
proved. 


determination of the dispersion in conjunction 
nith the refractive index as a rapid qualitative 
-orting test (cf. Athavale and Jatkar, J. Indian 
[nst. Sd. 1938, A21, 15) ; when observations ol 
refractive index are made with a °utyro- 

refractometer in daylight (or arc-lamp light) the 
appearance of the colour-fringes at_ the edge of 
the shadow may afford preliminary indication ot 
adulteration,- pure ghee is stated to show a 
colourless or violet-edged demarcation line, 
svhilst bine or orange fringes are to be observed 
if animal or vegetable oils and fats are prefer ; 

“ Yeqeiable ghee ” (“ vanashpati ), which is 
mid as a substitute for ghee, bears the same 
relation to it as margarine does to “ ut ^f r ™ 
Europe, and consists of suitable blends of 
hvdro^enated vegetable oils (commonly arachis 
aid cottonseed oils), and vegetable oils and 
fats. E . L . 

GIALLOLINO. GiaHo di Napoli, Naples 
Vellovr a vellow pigment obtained by heating 
tartar emetic with common salt and lead nitrate 
md approximating in composition to base lead 
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antimonate It has been used for many cen 
tunes in enamels and pottery ware, but its use 
a3 a paint is now obsolete 
GIBB’S CELL (v Vol III, 53a) . 
GIBBSITE or HYDRARG ILL1TE. Hy- 
drated alumina, AI 2 O s 3H 2 0 (Al a 0 3 65 4%), 
crystallised m the monoclinic system It usually 
forms white or greyish, stalactitic or mamillated, 
encrusting masses Crystals, to which the name 
hydrargillite is more particularly applied, have 
the form of thin six sided plates with a pearly 
lustre on the perfect basal cleavage , these are 
found in a magnetite bearing schist at Shishimsk, 
near Zlatoust in the Urals, and in nephelme 
syenite in the Langesund fjord, Norway 
Sp gr 2 3-2 4, H 2J-3i A bed, about a foot 
m thickness, of nodular plates of amorphous 
material is found beneath the soil overlying 
igneous rocks over a wide area in the Palm Hills 
in Madras As a constituent of bauxite and 
laterite it is of wide distribution, and it has also 
been identified in some highly aluminous fire i 
clays If found in sufficient quantity it would 
be of value as an aluminium ore 

L J S 

GILSONITE A mineral hydrocarbon oc 
curring in Utah, the Philippines and elsewhere 
Used in the paving industry and m the manu 
facture of electrical insulators, roofing materials 
for water proofing pipes, preventing corrosion 
of iron plates in shipk, coating wire fencing, sea 
walls, etc , for lining tanks for chemicals, in 
lubricants for heavy machinery, in rubber sub 
stitutes and as a binder for briquettes 

Distilled up to 450° it yields 12 75% fuel gas 
(containing mainly CH 4 carrying 2% light oil 
and 0 25% NH,), 65% oil and 30% coke (con 
tauung 5-6% N) The oil fractionated m CO, 
gives light solvent oil, intermediate gas od and 
a heavy od yielding lubricating od and wax 
All these oils have both asphaltic and paraffinoid 
characteristics The middle fraction purified 
by HjS0 4 and sulphonated with oleum gives a 
clear od with properties of a refined petrol 
The acid sludge yields a Bend drying od and a 
aolutvon of flulphonic acids used for hydrolysing 
fats and the Na salts of which are useful as 
detergents The semi drying od mixed with 
linseed od causes homogeneous drying (U S P 
1459328, 1524859, 1573704-5, 1678235) 

Gilsomte is rendered completely soluble in 
petroleum by heating for $ hour at 160-200° 
(USP 1803637) 

G I N or GENEVA is a spirituous liquor the 
characteristic flavour of which is due to the 
presence of od expressed from the jumper berry 
g The term “ Gin " is an English abbreviation of 
“ Geneva,” a corruption of the French 
'* Gem&vTO ” or the Dutch “ Jenever," both of 
which have reference to the essential flavouring 
ingredient There are two main types — the 
British " Gin,” and the Dutch “ Geneva,” 
” Hollands ” or ” Schnapps ” The spirit is 
usually derived from gram — a mixture of maize, 
malt and rye For low grade varieties, spirit 
derived from molasses or other fermentable sub 
stances is sometimes used Whilst there is no 
legal or official standard for gin, and Bnch sub 
atitution ma\ not bo detrimental to public 
health, a case can possibly be established against 


the marketing of such a preparation as genuine 
gin 

The Engbsh variety is usually prepared from a 
gram mixture consisting approximately of 
15 parts of maize, 3 of malt and 2 of rye After 
fermentation, the spirit is generally rectified in 
patent stills, and although a high alcoholic 
strength is attained, the rectification is not 
earned out to such an extent as to eliminate the 
charactenstic flavour of gram spirit The 
artificial flavounngs in addition to the jumper 
which are added, are angelica, almond, calamus 
root, cardamon seeds, cassia buds, coriander 
seeds, kquonce powder, orris root, sweet fennel 
and turpentine The method of adding the 
flavouring substances vanes In some cases 
they are added directly, or an alcoholic mash of 
the flavourmgs is distilled, the distillate being 
added to the spirit to be flavoured Another 
and probably the best method is to redistil the 
spmt after the addition of the flavouring m 
gredients in a kind of pot still with a longhead 
or other simple rectifying apparatus 

Sweetened gin, popularly known as 11 Old 
Tom ” is made by the addition of sugar syrup 
to plain gin The syrup is prepared by dis 
solving refined sugar in its own weight of water 
Sometimes the syrup is flavoured with orange 
flower water and is known as " capillaire ” The 
clear solution is added m the proportion of about 
6 gallons of syrup to 100 gallons of gin 

Plymouth gin is a special variety made in 
Plymouth and consumed extensively in the West 
of England It has a characteristic flavour, said 
to be due to ether resulting from the addition of 
a little sulphurio acid to the spirit before 
rectification 

The Dutch variety is usually prepared from 
equal parts of the three grams above mentioned 
although sometimes maize is omitted The 
manufacture is carried on mainly at Schiedam 
where pot stills are chiefly employed The spirit 
is subjected to three or four rectifications, when 
it is known as “ moutwyn ” or “ maltwine ” 
This is sold to the manufacturers of Geneva or 
Hollands who flavour it by methods similar to 
those above described for English gin The best 
Hollands is said to be prepared as follows 
A mixture of 2 measures of ground rye with 1 
measure of ground barley malt is mashed with 
about 24 gallons of water for each hundredweight 
of the mixed meal The mashing hemg com 
pleted, the specific gravity of the wort is reduced 
to between 1,033 and 1,038 by the addition of 
cold water The mash is then fermented after 
which the whole is transferfed to a still To the 
first product of distillation, called “ low wines," 
a varying proportion of jumper berries with a 
little salt is added, and it is redistilled To the 
distillate further flavouring derived from the 
jumper as well as from the rye or barley used in 
brewing are added 

The consumption of gin has increased greatly 
in recent years owing to the establishment in 
popular favour of ap^ntifs and cocktails of 
which it forms the basis In these preparations * 
the gin is mixed with a variety of different 
materials such as vermouth, angostura bitters, 
or citrous extracts Before this development, 
however, gin was in much demand on account 
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of its supposedly valuable medicinal properties, 
particularly in affections of the urinarv organs. 
In this connection the work of Cafferata (r. 
Dncceschi, Pavia, Arch. rtaL biol. 1920, 70, 93) 
is of interest. By injection into the jugular 
vein of the rabbit he established the toxic 
coefficient (expressed in terms of cubic centi- 
metres per kilogram of body -weight) to be 18-20 
compared with whisky 10, cognac 13-18, wines 
65-SO and beers 152-200. 

The adulteration of gin, except by dilution 
with water, is not common. The Food and 
Drugs Act, 193S, prescribes that, in pro- 
ceedings for dilution of gin, it shall be a 
defence for the defendant to prove that the 
spirit had been diluted with water only, and 
that its strength was still not lower than 35 c 
under proof. This provision, however, does 
not affect Sect. 14 of the Finance Act, 1935, 
according to which “ if any spirits delivered in 
bottle from a warehouse for home consumption 
are sold by a dealer in or retailer of spirits at a 
strength lower than that by reference to which 
the customs duty or the excise doty chargeable 
thereon was computed, he shall ... be liable . . . 
to a fine.” Alkaline carbonates and sometimes 
alum and salts of zinc and lead have been found. 
Juniper wood oil and turpentine oil are occasion- 
ally used as substitutes for or admixed with the 
oil from the juniper berry. Dorchies (Ann. Falsif. 
1935, 28, 452), in the examination of a large 
number of samples from various origins, found 
considerable variation in the products from 
different distilleries. He found that constituents 
other than ethyl alcohol never fell below 352 mg. 
per 100 ml. of absolute alcohol. The most im- 
portant of these — the higher alcohols — were 
never below 270, furfural was present in traces 
too small to determine except in the product of 
one distilleiy which contained 1-0-9-6 mg. per 
100 mh of absolute alcohoL 

F. G. H. T. 

GINGELLY or GINGILI OIL. Syn. for 
sesame oiL 

GINGER. The dried rhizome, either whole 
or powdered, of Zingiber officinale Roscoe, a plant 
8-4 ft. in height, which grows wild in India and 
China and is cultivated extensively in most 
tropical conntries. At the present time the 
chief kinds, which find their way into the Eng- 
lish market, are Jamaica, Calicut, African, 
Japanese and, in less quantity, Bombay. As 
ginger is invariably cultivated from cuttings of 
the rhizome, it is very seldom that the seed is 
fertile, and consequently there is little variation 
in botanical characters wherever the plant is 
grown. It may be propagated readily in any 
tropical or sub-tropical clim ate having a high 
rainfall- It was at one time stated that Chinese 
ginger used for preserving purposes was derived 
from a related plant, Alpinia galanga, Fam. 
Z in gibe races, but this is now thought to be 
erroneous. Japanese ginger is not derived from 
Z. officinale, but is stated to be obtained from 
Z. mioga, and is therefore not employed for 
medicinal purposes. Ginger has been grown 
extensively in Xigeria, and a detailed account of 
its cultivation is given in the BulL Imp. Inst. 
1926, 24, 667. 

The rhizomes are dug up when the plant- is 


about a year old. washed and dried in the sun. 
In some cases the root is dried intact and in 
others the epidermis is removed by scraping or 
cutting. Great care is necessary in the peeling 
of ginger, as the aromatic principles are found in 
the cells immediately beneath the epidermis, and 
if these are spoilt or accidentally removed the 
spice becomes valueless. Recent reports from 
Xigeria indicate that the native grower, in his 
attempt to obtain a good colour, has prolonged 
unduly the soaking and washing of the ginger 
with the consequent Ieaching-out of an un- 
necessarily large amount of the water-soluble 
constituents (Bray, Major and Hill, Analyst, 
1939, 64, 176). Active steps are being taken to 
rectify the faulty curing and these are mee ting 
with considerable success. 

Although the official ginger is unbleached, 
except for the action of the sun, there is a 
popular prejudice in favour of a white product 
and to meet this demand various methods of 
treating the roots are adopted. They are some- 
times bleached by means of chlorine or sul- 
phurous acid, or are dusted with calcium car- 
bonate or sulphate, but the commonest method 
consists in immersing the rhizome in milk of 
lime. This also prevents the attack of insects. 
When treatment is carried out after importation, 
the bleached “ hands ” are dried off in a 
moderately hot oven, as sun drying is no longer 
possible. 

The unscraped root has a yellowish-brown 
wrinkled surface, whilst the scraped variety is 
smooth and nearly white. The pieces are, as a 
rule, from 3 to 6 in. in length, knotted and bent, 
flattened in section and with a short fracture. 
On being cut with a knife the best ginger presents 
a soft floury surface, inferior qualities appear 
hard, resinous and shiny. Ginger is used as 
a condiment and flavouring agent and in 
medicine as an aromatic stimulant and car- 
minative. 

Microscopic Appearance . — The starch grains 
associated with the parenchymatous tissue are 
verv abundant and characteristic, they are 
simple and ovoid in shape, from 7 to 40/i long 
and 5 to 25p broad, with an eccentric hilum, and 
striafions are visible in the larger grains, pro- 
vided that the rflumination is properly adjusted. 
In Japanese ginger the starch grains occur in 
aggregates and are less eccentric than in other 
grains. 

Scraped ginger contains no cork, but the 
natural rhizome possesses an outer cork rind of 
about 0-4 mm. thickness and containing about 
20 Iavers of large yellow or brownish, somewhat 
flattened, thin-walled cells, without any con- 
tents. Immediately beneath is the parenchyma 
of the cortex containing starch and interspersed 
with oil cells, whilst further inwards the paren- 
chyma cells are larger and contain more starch 
grains but fewer oil cells. 

The spiral vessels are broad, reticulated and 
scalariform. The bast fibres are also bread and 
have rather thin walls. 

Chemical Composition.— The chief character- 
istic constituents are a volatile oil to which the 
aroma is due; a fixed ofl, gingered, which gives 
the pungent flavour; starch and resin. I he 
following figures (Richardson, from Leacn, 
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GINGER 


“ Food Inspection and Analysis,” p 463, 4th ed j some idea of the composition of whole ginger 
1920, J Wiley & Sons, New York,) will afford | root 


Table I 



Water 

Ash 

Volatile 

oil 

Fixed 

oil 

and 

resin 

Starch. 

Crude 

fibre 

AIbu 

mlnoids 

Unde- 

ter 

mined 

Jdtro- 

gen 

Calcutta 

9 60 

7 02 

2 27 

4 58 

49 3 

7 45 1 

6 30 

13 4 

101 

Cochin 

9 41 

3 39 

1 84 

4 07 

53 3 

2 05 1 

700 

18 9 i 

I 12 

Unbleached Jamaica 

10 49 

344 

2 03 

2 29 

50 6 

4 74 

10 85 

15 6 j 

1 74 

Bleached Jamaica (Lon 
don) 

1100 

4 54 

1 89 

304 

49 3 

170 

9 28 

19 2 

148 

Bleached Jamaica (America) 

1011 

5 58 

2 54 

2 69 

60 7 

7 65 

9 10 

117 

146 


J F Liverseege, H H Bagnall and A R 
Lemgo {Yearbook of Pharmacy, p 467, 1926) 
record detailed analyses of 24 samples of ground I 
ginger, and the average figures taken from 169 
to 338 samples obtained under the Sale of Food | 
and Drugs Acts 

Table ZI 



Maxi 

mum 

Mini 

mum 

Average 

Moisture 

109 

90 

101 

Ash 

Ash Bolnble in 

6 60 

3 14 

5 26 

water 

Ash insoluble in 
water, soluble m 

2 89 

20 

2 52 

HC1 

Ash insoluble m 

3 21 

0 74 

216 

HCI 

1 02 

0 04 

0 58 

Organic matter 
Organic matter 

87 1 

82 8 

83 7 

X 1 19 

Acetic acid insol 

103 6 

98 5 

99 7 

able 

80 4 

76 0 



Water extract 
Methylated spirit | 
extract (1 4g in 

18 2 

11 8 

12 8 

70 c c ) 

90% alcohol ex 

7 1 

43 

59 

tract 

73 

50 

64 


Essential Oil { v Ginger, Essential oil of) 
— This is best determined by the method of 
Cocking and Middleton (t> this Vol p 8a) 

Fixed Oil — Determinations by Garnett and 
Gner (Pharm J 1909, 83, 169-160) give the 
guigerol as from 1 1 to 2 2% 

The composition of gingerol has been mvesti 
gated by Lapworth, Pearson and Royle (J C S 
1917, 111, 777), who found the pungent principles 
of ginger to be a mixture of saturated phenolic 
compounds derived from a residue of nngerone 
(v infra) in association with a molecnlar pro 
portion of the residues of saturated aliphatic 
aldehydes 

Zingerone — Nomura («6«d 1917, 111, 769, 
Sci Rep Tfihoku, 1925, 14, 143) has prepared 
from ginger, also Lapworth and Wykes from 
gingerol (J C S 1917, 111, 790), a ketomc body, 
zingerone, the yield amounting to about 0 04% 
of the ginger, to which both publications agree in 
assigning the formula C n Hi 4 O a the constitn 
tion of the ketone being 

OMe 

MeCO CH 2 CH O OH 

Zingerone may be obtamed in 76% yield by 
the reduction of 4 hydroxy 3 methoxy styryl 
methyl ketone by sodium amalgam in aqueous 
solution It forms colourless needles, rhom 
bohedra, or lustrous plates, m p 40-41° 


Table III — Showing Results of Analysis of Adulterated Gingers 



Total 

Ash 

soluble In 
water 

Ash 

Insoluble 

In HCI 

Alcohol 

extract 

Cold water 
extract 

Exhausted ginger from English 
ginger ale works 1 

2 12 





Exhausted ginger from extract 
works 1 

6 05 





Exhausted ginger 1 

300 





Exhausted ginger 1 

2 68 





Added chalk and sand * 

15 74 





Added chalk and sand * 

7 64 

2 12 

1 24 


12 7 


* Hinton Ogd«n and Smith, from 

* Uveneege. Bagnall and Lerrigo 


r <63 1M0 
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GES - GEE, ESSENTIAL OIL OF. 
(Nomnrs), and has the odonr of salievlaldebvd° 
and the pungent taste of ginger. It- dissolves 
fgfg m m , 05t organic solvents, except light 
pstrolenin. but is sparingly soluble in wutev 
and is only slightly volatile in steam. Warmed 
trith concentrated mineral adds the mixture 
shovs a striking series of colours changing ftom 
feint yellow to brown, and then deep purp T e • 
on adding alkali it becomes blue, green, “and 

' ■>r°n° n ^ eSS ' Zin = erone gives a red colour 
Tvrth_ .-lillon s reagent, dissolves to a green 
solution with alcoholic ferric chloride and re- 
ducesammoniacal silver nitrate. Gingerol and 
capsaicm (q.r.) are both derivatives of guaiacol 
and are related to vanillin, but whereas the 
pungent gingerol is hydrolysed by alkalis, vield- 
iiu products, which possess no punnenev, the 
pungency of capsaicin is unaffected bv alkalis. 
m addinon to zingerone, Nomura 'finds in 
Japanese ginger a pungent principle sJioaad, 


1 litis'’?--’ b F- . 231-23S7I5-5 mm.; sp.gr. 

j ' containing a methoxvl, a hvdroxvl 
and a ketonic group. 

andTsurumi (Proc. Imp. Acad. Japan, 
159) have synthesised shpgaol bv the 
condensation of zingerone and normal hexalde- 
hyde, and they state that its s tru ct ore is fi-4- 
n..drozy-3-methoxyphenylethyl r.-heptenyl ke- 
tone. Nomura and his colleagues have en- 
deavoured to establish on what constitutional 
factors the pungency of the principles in ginger 
is due and to this end have prepared a large 
number of homologues of zingerone (Sd. Eep. 
ToBoknJS, 7, 67; 1925, 14, 127, 131, 144, 

IqV M- 2 -rl 6 ’J 63 ’ 5S5 ’ 5S1 ’ 559 ; 192 -3- 17, 
693, 69a, /03,_/0/, 973; 1929, 18, 661; Lull. 

t-oochim. 1925, [iv], 37, 1245 ; Proc. Imp. Acad. 
Tokyo, 1926, 2, 229; 1927, 3, 159). Wost of 
»~e cenvati, es prepared are pungent. 

--1 -uUeralior .. — The onlv form of adulteration 
to whicn whole ginger is subject is the addition 
y_ or substitution by, ginger from which more or 
£ss Ox the strength has been removed bv ex- 
action vrith dilute aleobol or water, in the 
tU2nuractnre of ginger beer, etc.; or with 
yong alcohol for the preparation of the essence 
tmcture. Ground ginger may be adulterated 
- . ^ addition of foreign starches — wheat, 

tuaize, nee or turmeric ; and, in the past at all 
events, cayenne pepper and turmeric have been 
rapsK eel to restore the p ung ency 2nd colour 
£r x l-sse have been reduced bv the practices 
already referred to. 

-•iinerel matter, especially calcium carbonate, 
pa cium sulphate and sand may also be present 
iu excess, owing either to their deliberate 
a aition or to their too liberal emplovment in 
*~p P- e paxation of the article. 

.yi= e 5 Preparations have been adulterated 
\ fn-o-tolyl phosphate, ethvlsne glvcol and 
rosm oiL the first-named of which has caused 
jam ysis among those who have taken it (Peter 
n-t r L- -y er - Pbarm. Assoc. 1930, 19, 94S). 

, ’ll' era' ion . — The detection of 

n ::; n Vt d g™ger in small proportion is at 
"' e , riL t Im posibIe, and even when the amount 
~ substantial the problem is bv no means an 
Jw or L e -- because the constituents which are 
_ ov pd by extraction with alcohol and water 
i-r m widely varying proportions, even in 


different samples of the same kind of ginger 

commercially earned out. 

The most useful determinations for the detec- 
tion and estimation of exhausted ging er are the 
ashsoluble m water, the alcoholic%xtract after 
extraction with ether, and the cold-water ev. 
tract, and these may with advantages be supple- 
b - y? %bt petroleum extract or the 
me Jiyl^ alcohol extract and a determination of 
_ potash. Microscopic examination is of no 
assistance and the taste and smell of the sample 
are or limited utility on account of the great 
variations in strength of the different kinds of 
ginger. 

No legitimate manufacturing operation affects 
the analytical results sufficiently to cause anv 
trouble, but it must be home in mind that the 
method by which the sample has been extracted, 
and of .-hi eh the analyst is usuallv ignorant, 
considerably affects the analytical “results. 
(For the effect of exhaustion with alcohol of 
different strengths, see Liverseege, Pharm. J. 
1396 , [iv], 2, 112 , and for information as to 
methods of extraction actually emploved by 
ginger beer manufacturers, etc., see Dver and 
Gilbard, Analyst, 1893, 8, 200.) 

The starchy substances likely to be added to 
ginger may be detected by the microscope. The 
unsymmetrical cross observed when ginger starch 
is viewed under polarised light distinguishes it at 
once from wheat starch. 

Capsicum may be detected by the test sug- 
gested by Garnett and Grier (Pharm. J. 1909, 
[iv], 29, 441), based on the fact that the pungent- 
Savour of gingerol is destroyed by heating with 
alkalis whereas that of capsicum is not. 


. Standards . — The British Pharmacopoeia, 1632, 
requires unbleached Jamaica ginger to be used 
for official purposes and further requires alcoholic 
extract (90%) not less than 4-5%, cold-water 
extract not less than 10%, ash not more than 
6% and water-soluble ash not less than 1-7%. 

T. McL. 

GINGER, ESSENTIAL OIL' OF. The 

oil distilled from the rhizome of Zinaiber 
officinal*. P.oscoe (Fam. Zin gibe races), indigenous 
to tropical Asia and cultivated in India, Java, 
West Indies, Japan and Sierra Leone. ' r ’ na 


The 


most highlv esteemed is the Jamaica variety, 
where the fibrous roots are removed and the 
rhizome carefully peeled and scraped and 
bleached in the 'sun. The yield of oil is from 
_ to 3%. The oil is light yellow in colour and 
hs= no pungent taste. The pungent principles 
of ginger are not volatile in steam. 

Constituents . — The ma in constituent 
sesaurterpene zirciberer.c which boils - - - 

970=. Camphene 'and phellandrene and traces 
of dtral and cineole have been detected. In 
addition the oil contains a sesquiterpene alcohol 

ri r. ciber oi. _ 

Characters. — Sp.gr. 0-876-0-S86 at I5-o~, 
t jf* _20- to —50', r.p I-4SS-T495, ester value 
1_I2, after acetylation 30-50. 


is the 
at 269- 


C. T. B. 


GINGERGRASS, ESSENTIAL OIL OF 


GINGERGRASS, ESSENTIAL OIL 


OF. The oil distilled from Cymbopogon 
martini (var sofia) Stapf (Fam Grammecc), an 
Indian grass closely allied to Ct/m&opogon. 
martini, vat motia, which yields palmarosa 
oil Large areas of gmgergrass occur in the dense 
forests of Melghat, in the Pimpalner and 
Nandurbar Ranges of the Khandesh district and 
other ranges of the Nasik district The oil has a 
characteristic odour similar to, but quite distinct 
from, that of palmarosa oil 
Constituents — The oil contains phellandrene, 
dipentene and d hmonene, geraniol, perilla 
alcohol and traces of carvone 
Characters — Sp gr 0 900-0 950 at 15 5°, 
—29° to +22°, ester "value up to 30, after 
acetylation 130-200 Soluble in 3 volumes of 
70% alcohol 

C T B 

GINGEROL v Ginger 
'o WA'vjO , Vs» SrsA* Gvnkjo hnfcfav, Me* 

maidenhair tree of Japan The yellow plum 
like fruit affords a somewhat bitter flavoured but 
nourishing food Langley (J Amer Chem Soc 
1907, 29, 1513) gives the composition of the 
kernels as H 2 0 15 7, protein 110, fat 2 4, 
starch 57 2, pentosans 1 3, other carbohydrates 
8 7, fibre 0 8, ash 2 9% The protein consti 
tuents include a globuline, gxnlcgoin, represent 
ing 60% of the total nitrogen, an albumin, a 
protamine and a glutelm Furukhwa (Sci 
Fapera Inst Phys Chem ReB Tokyo, 1934, 
24, 304 , 1935, 26, 178) obtained from the fruit 
gmlgol, C 21 H 21 0, and bilobal, a 3 5 dibydroxy 
pentadecenylbenzene According to Furuiclu 
(Bull Tottori Higher Agnc School, 1928, 1, 
105) the ash of the fruit consists of K t O 40 6, 
Na.O 8 4, CaO 4 8, MgO 7 7, Fe,0,+ ALO, 

3 7, P 2 0 6 21 6, S0 3 8 3, SiO z 4 9% 

A G Po 

GIRARD’S REAGENTS —Girards re- 
agent T is the chlondo of tnmethylacethydra 
zide ammonium chlonde, 

Cl[NMe 3 CH 2 CONH NH 2> ] 
whilst the reagent P is the corresponding pyn 
dimum compound , they are colourless crystal 
lino compounds of (corr ) mp 192° and 200": 
respectively Reagent P is less commonly used, 
but has the advantage of rot being hygroscopic; 
and is more suited to industrial uses 
The reagents are prepared by treating ethyl 
cbloroacetate with tnmethylamine or pyridine 
in alcoholic solution , the betaine so produced 
is treated in situ with hydrazine hydrate (Girard 
and Sandulesco, Ilelv Chim Acta, 1936, 19, 
95) , 

The reagents combine with aldehydes and 
ketones in presence of acetic acid, forming sub 
stituted by drazones which are water soluble and 
arc stable for at least 24 hours at p H 6 6-7 and 
at low temperatures , the hetonie derivatives art? 
rapidly hydrolysed by mineral acids in the cold 
with liberation of the ketone, but derivatives of 
aldehydes are stable under these conditions and 
are only hydrolysed on heating with high con 
cent rat io ns of mineral acids, preferably in the 
presence of formalin This provides a ready 
means of distinguishing the aldehydic from the 
ketome constituents of a mixture 


Alkyl methyl ketones react almost mstan 
taneously, aryl methyl ketones more slowly and 
diaryl ketones only with great difficulty and on 
prolonged heating Cyclic ketones react more 
slowly than alkyl methyl ketones, whereas op 
unsaturated ketones react very readily, but 
she compounds formed are somewhat difficult to 
hydrolyse , the formation of products of addition 
of the reagent to the double bond has not been 
observed Stenc hindrance exercises the same 
effect as in the formation of semicarbazones , 
thus, dimethylc&mphor does not combine with 
either reagent T or P 

The reagents are particularly suited to the 
isolation of small amounts of ketones contamed 
in various natural products, as, for example, of 
oestrone from urine (Girard and Sandulesco, 
l c ) and of the hormones of the suprarenal gland 
(Reichstein, ibid 1107) 

In .practice, the ketomc material dissolved in 
alcohol containing 10% of acetic acid is heated for 
30-60 minutes with the reagent m slight excess, 
the volume being adjusted to give a 10% (or 
6%) solution of the reagent The cooled solu 
tion is diluted with ice water containing enough 
alkali to neutralise nine tenths of the acid, 
the solution remaining acid to Bromothymol 
Blue and containing 10-20% of alcohol It is 
extracted with a non hydroxyhc solvent such 
as ether, which does not dissolve the compounds 
formed, and the latter are then decomposed by 
the addition of mineral acid up to a concentra- 
tion of 0 5 N 

GARB 

G IROFLE (r Vol I, 577a) 

GITALIN (v Vol 11,384c) 
GITOXIGENIN (v Vol 11,382) 

G I TOXIN (v Vol 11,3846) 

G LASER ITE(t; Vol I, 4504) 

GLASS Historical. — Excavations in 
Egypt and Mesopotamia have yielded fragments 
that suggest that the peoples of these lands had 
some knowledge of glazes, if not of glass as such, 
as far back as 3000-4000 B C , and a thousand 
years after this a good deal was known about the 
making and manipulation of glass The oldest 
piece discovered is stated to be a “ pearl, 

9 x 5 5 mm , from a grave in Thebes of c 3500 b c 
Sir Flinders Petrie gives the date of the earliest 
glassmaking as 1600 b c and certainly bye 1500 
bc a fairly high standard of technique had 
been acquired in the making of “ pearls,’ some 
of which were engraved, and small vessels, these 
being made by coating a core of clay and sand 
with glass and then removing the core The 
oft quoted tale of Pliny that the discovery of 
glasamaking was made by certain Phoenician 
travellers who used a bag or bags of alkali as a 
support for a cooking fire in the desert is not now 
credited, Babylonia being considered by Sir 
Flinders Petrie to be the home of the art A1 
though remarkable as an achievement, early 
work was crude, but when the use of the blow- 
pipe was discovered, probably m Sidon (c 30 
bc), a great leap forward was made Sixty 
3 ears later, workmen from Alexandria were well 
established in Rome and turning out filigree, 
mosaic and engraved work, and coloured glass 
was also known by this time The Portland 
\ ase, with designs in white on a deep blue base. 



GLASS. 


felonsrs to the period of A. Severas a d eon 
Evidence of the use of window gSs fcfs' bS 
discovered in the rain? of Pompeii, desi roved 
c. a.d. 70, and it is mentioned* bv L A* L 
Finnianus in 200, whilst St. Jerom^ alludes to 
cast phte glass in this connection. There 
^as a colourless window in a Constantinople 
churen by 450. and the first decorated one was 
in the Lateran Church in P.ome in 795. A small 
amount of glassmaking may have been carried 
on in Britain during the Roman occupation 
though conclusive proof of this is not available. 
In the thirteenth century, the centre of the art 
moved to Venice, —here, at Murano, the in- 
dustry flourished under State protection until 
it was killed by the rise of the Englis h lead 
crystal-glass to— aids the end of the seventeenth 
centnrv. The privileged position of the Corpora- 
>.-oii of Glassmakers in Venice was such that 
nobles could without loss of rank marrv 
dsnghters of glassmakers. Heavy penalties 
vere incurred by Venetian glassmakers -who 
vent- abroad and taught their art to foreigners. 
The earliest reference to English glass is to some 
supplied in 1240 for Westminster Abbev bv 
Laurence Vftrearins de Bunkshurstlonde, and 
another, not very complimentary, is in 1439, 

” hen the Countess of arvick prescribed that 
no English glass should be used in the windows 
oi the Beauchamp chapel at Warwick. The 
usejif coal in 1610 by Thomas Percival and in 
16o5 by Sir Bobert Mansell, vrko obtained a 
monopoly for this, and the development of lead 
crystal-glass by George Bavenscroft in 1675 
led to the rise of the English branch of the art. 
Workers were introduced from Venice and 
decoration by cutting was practised bv others 
brought from Bohemia and South Gennanv at 
the be ginni n g of the eighteenth century. The 
brilliant effect produced on lead glass bv cuttins 
contributed to the decline in demand for the 
Venetian ware. In 1696 there was a vigorous 
industry distributed according to Hotmhton 
(Letters) as followrs : making bottles. 39 
factories ; flint, green and ordinary glass. 27 ; 
vrindoiv glass, 15 ; crown glass and plate, 5 : 
looking g la s s plate, 2. London vras the chief 
centre of development, vrhilst Newcsstle-on- 
Tyne was probably next in order of importance. 

The first large English factory for makin g cast 
Pkfe glass vras erected near Prescot in 1773. 
though the process as ire know it originated 
vith -Lucas de Xehou in France in 1 6S-S. English 
pressed glass, first made in 1S1G, was another 
k‘?~ . *° Continental makers. Progress from 
this time was connected more and more with the 
mechanisation of the trade. The first practical 
bottle-blowing machine was invented by Ashley 
andAmall (B7P. S677 of Jnly2nd, 1SS6), and this 
led in 40 years to the most revolutionary changes 
m methods. 'I he printing firm Tvt- TVpHp*rir» 5-ip. 
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m methods. The application by Frederic Sie 
mens in 1S56 of the principle of regeneration to 
waste-heat recovery, modified furna ce-design, 
and 12 years later mass-production methods 
went forward again, when he built a tank furnace 
instead of a pot furnace, as had been the practice 
hitherto. This enabled melting and working to 
go on simultaneously, so that production could 
be maintained for 24 hours per day. 

In the flat-glass industry, much progress has 


been made in the past 40 years. The Lubber’s 
me Jiod developed from the old mouth-blown 
cylinder process, good though it -as, has b»en 
entirely superseded by otheri in which the S 
If “f* 1 ™ eontmnously either straight up, or else 
£isl upwards and then horizontally, bv suitable 
mec amsm (see later). In the application of 
machines to glassmaking generallv, America 
nas. played a predominant part, afthoush the 
basic idea in several cases was British. No 

iSisoo: of note ” as on ™ America 

The application of scientific methods to glass 
manufacture may be said to begin, not vith 
Abbe and Schott as is nsnafly claimed, but 
with the Rev. Vernon Harcourt, some rears 
earher. In 1S34 he carried out a considerable 
amotmt of work on the relation of glass com- 
posirion to physical properties and showed 
the. value of borate and phosphate glasses for 
optical purposes. Michael Faraday also gave a 
good deal .of attention to optical glass , and 
rea li . - eu Quite well the need for making experi- 
mental meltings in platinum vessels “and for 
sfirring carefulR- to ensure homogeneitr suffi- 
cient to arrive at optical constants. Abbe and 
Schott carried on similar work later, and 
founded in 1SS4 with Zeiss the famous Jena 
works, from which came, as a result of their 
collaboration, thermometer glass, heat ana 
chemical-resisting glass, and those neve- 
optical glasses that have made possible greatly 
improved microscope lenses (apochromats) and 
the fast modem photographic objectives. On 
the practical side, however, the father of the 
optical glass industry may he regarded as P. L. 
GninaudL a Swiss, who with Fraunhofer and 
Utzschneider in Munich produced lenses larger 
than any made hitherto. As early as 1790 “he 
introduced the process of stirring glass in order 
to obtain homogeneity. 

As the result of the war (1914-18), glass- 
making has developed in a number of new 
centres. In both Great Britain and America- 
chemical glassware superior to the German pro- 
duct has been produced, and marked progress 
has been made in England in optical glass of 
high quality. Japan has built up an extensive 
glass manufacture, and India is making deter- 
mined efforts to organise on a better footing the 
numerous small factories catering for local needs. 

In South Afri ca. Brazil, the Argentine and 
Australia, considerable development has taken 
place in recent years. Australia in particular 
anions the overseas members of the British 
Commonwealth is rapidly becoming almost self- 
snpporthm in her glass production- Ru ssi a is 
another country in which very great exp a n s ion 
and modernisation of the industry has taken 
place during the last twenty years. 

Definition. — Owing to its complexity and to 
the large number of possible varieties, glass 
cannot "be brought adequately within the scope 
of a sinzle or simple definition. It may be de- 
fined as“an amorphons, hard, brittle substance, 
usuallv transparent, but sometimes translucent- 
or even opaque, breaking with a conchoidal 
fracture and consisting of a material obtained 
| bv the fusion of one or more of the oxides. 

I silica, boric oxide, phosphoric oxide and the 
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metallic oxides, followed by sufficiently rapid 
cooling of the fused mass to prevent crystalli 
sation of the components The glass may be 
colourless or may be coloured either by one or 
more of the constituent oxides or from the effect 
of neutral bodies such as carbon, sulphur and 
selenium According to the definition, glass, 
being amorphous, will be isotropic There are 
some substances, however, which, in certain 
optical instruments, serve as glasses but are 
anisotropic in character, and have properties 
differing in the directions of their crystallo 
graphic axes Such crystalline substances in 
common use are quartz and calcspar, or Iceland 
spar 

Most glass technologists regard the term glass 
as denoting a stole rather than any given sub 
stance, and of course many normally crystalline 
substances like felspar and quartz can be con 
verted by fusion into glasses, and back from 
glasses to the crystalline state by suitable heat 
treatment Developments in what have come 
to be called Synthetic Plastics have led to some 
extension of the field covered by the term 
glass The two materials inorganic (or pyro 
gemc) and organic glasses ( * plastics * ) each 
have their own special fields of economic use 
fulness and only compete over a very narrow 
range 

Properties of Glass — From their mode of 
preparation, ordinary glasses must be considered 
as mixtures of compounds, usually of silicates, 
but also of borates and, m rarer cases, of phos 
phates and arsenates A study of the freezing 
point curves or equilibrium diagrams of binary 
and ternary mixtures of silica with other basic 
oxides has been the most fruitful source hitherto 
of our knowledge of these compounds probably 
present in silicate glasses (see, for example, 
Hilpert and Weiller, Per 1909, 42, 2969 , 1910, 
43, 2565 Day and Shepherd, J Amer Chem 
Soc 1906,28,1,089 Rankin and Merwin, tbid 
1916, 38, 568 II S van Klooster, 7 anorg 
Chem 1911, 69, 122, 127 Shepherd, Rankin 
and It right, Amer J Sci 1909, 28, 293 
Rankin and R’ngfct, \b\d 1915, 39, I Fer- 
guson and Merwin, Amer J Sci 1918,46,617 
Morey and Bowen, J Phya Chem 1924, 28, 
1167, J Soc Glass Tech 1925, 9, 226 
G W Morey, T C Kracek and N L Bowen, 
J Phys Chem 1929, 33, 1857 , J Soc Glass 
Tech 1930,14,149, ihid 1931, 15,57 F C 
Kracek, J Phys Chem 1930, 34, 1583, 2461) 
MaDace (Trans Ceram Soc 1909-10, 9, 172) 
and others have claimed that some of these eili 
cates, such as sodium and barium metasili cates, 
lithium and sodium metasihcate and sodium 
'immium tnsilicate and calcium aluminium 
silicate (albite and anorthite) form continuous 
■s of solid solutions, and certain Others, 
as lithium and calcium metasilicates, are 
ible only to a limited extent in the solid state, 
but their work has been questioned 
On rapid cooling, the viscosity of the mass 
increases greatly and the mixture at length set*, 
not at any definite temperature, but over an 
interval which fa not easy to define with pre 
cisiou On reheating, it also softens gradually, 
and has no melting point Accordingly, the 
commonlv prevailing view is that glass is to be 


regarded as a super cooled liquid of extremely 
high viscosity. It is the high viscosity which is 
the most important factor ra preventing the 
separation in the crystalline form of the com 
pounds present, although it has been suggested 
that even in apparently transparent glasses, 
incipient crystallisation may exist, thus explain 
ing, for example, the phosphorescence of fused 
zinc silicate and bringing glass into line with the 
behaviour of certain other amorphous sub 
stances, such as sulphur, which tend to revert 
to the stable crystalline state (sec Jackson, J Soc 
Arts, 1919, S C Bradford, J. Soc. Glass Tech 
1919, 3, 282) 

W H Zachariasen. (J Amer Chem Soc 1932, 
54, 3481, Phys Rev 1932, 39, 185), B E 
Warren (J Am er Ceram Soc 1934, 17, 249, 
1935, 18, 269) and others, as a result of X ray 
studies of simple transparent glasses, suggest 
that the random network theory of distribution 
of the atoms in glass gives the best explanation 
of its behaviour They are reluctant to admit 
the possibility of definite compounds occurring, 
whilst other workers, finding marked breaks 
in the physical property-composition curves, 
claim these as evidence of the occurrence of such 
compounds, leading to the view that molten 
glasses are solutions of the compounds cha 
racterised by the equilibrium diagram for the 
particular system In certain cases, eg opal 
and ruby glasses, X ray evidence is quoted as 
proof of definite substances being present, NaF 
and CaF, in opal glasses, and CdSe in selenium 
rubies (J W Ryde and D E Yates, J Soc 
Glass Tech 1925, 9, 226, H P Rooksby, ibid 
1932, 16, 171) 

The general statement made above, m regard 
to the setting and the softening of glass, is not 
intended to imply that these processes are 
absolutely continuous A Q Tool and J 
Valasek (Bureau of Standards Papers, 1920, 
No 358), indeed, have shown that there is 
distinct discontinuity in the heating curve of a 
glass when softening begins, due to slight heat 
absorption, and a corresponding heat evolution 
on cooling 

Although ordinary glasses consist of mixtures 
of compounds, the properties of glasses can, with 
a considerable degree of success, be referred to 
the Influence of the constituent oxides or added 
substances , indeed, in some properties there 
appears to be an additive relationship, as in the 
case of the density and the coefficient of ex 
pansion of sodium-calcium silicate glasses which 
are of similar molecular type It must be 
stressed, however, that the use of relationships 
involving " factors ” for the oxides present in 
the glass is liable to give calculated results at 
variance with values determined experimentally 
if the composition involved differs in type from 
those from which the factors were deduced 
G Gehlhoff and hi Thomas (Z tech Physik, 
1926, 7, 105, 260) gave a senes of factors for 
each oxide studied in their simple glasses in an 
attempt to correct for the fact that a change 
in amount of a given oxide from, say, 2-3%, 
does not produce the same alteration in proper 
ties as one from 7 to 8%, but their data still lead 
to values very far from the truth if rndis 
cnmmatelv applied The following important 
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pro port:?? arc discussed mainlv on tire basis o' 
the efiect of the constituent oxides. 

__ Durability. Resistance to disintegrating 
s t ents sue-, a« "water, aqueous solutions of 
Si j’j &a ' xS otrncspberic moisture 

ana dust mast be pos-e?-cd by a class if it 
is to to capable of service. Borate classes and • 
pne-rpbate classes, white po-wfing valuable i 

f - . * . r , I 

little 


.. a ; j—f va. 

acai properties, have hitherto been 
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nsed I owing to instability in the presence of 
weathering agents. * 

■ T ^‘ ? /° r Z) " rc5r,7 % to made on the class 
m the ,onn of grams or on the glass article « 
rac^. In the latter case snch factors as th° 
nature of the surface and the ratio of surface ex- 
posed to the volume of attacking liquid become 
important. The man v varieties of povder test 
&ro indicated in 1 able L In all such tests the 


Table L-Coctaesox or Exfesimzxtal Detail of Powdes .Methods foe 

Deteeioxtxg DrsAEmrr. 


Autb-r or m-th~i 


ilylius 5 . 
Keppeler : 
Peddle : . 
Turner * . 
Turner s . 


Kepprlerandlpp 
Fischer and Tepoi 
Enss * . . . 


ch 


German 1 . 
American Xo. 1 35 


I 

f 


' I 
, 1 


Dura tic-3 

cf 

bestir.? 

(kozn). 

: Quit, titt- 

er ?Ia?* 
powder.* 

i 

Grain size 
nra. 

•> 

' 20 g., d. 2-554 ; 

0-57-0-73 

o 

! 20 g., d. 2-584 ■ 

0-C2-0-73 

I 

5g. 

<c. 0-0 S 

1 

5g. 

0-5-O-S 

I 

10 g. 

0-5-0-S 

5 

, 20 g., d. 2-584 

0-116-0-190 

*> 

1 c.c. 

0-15-0-30 

t 

IS c., d. 2-54 , 

0-5-1 -0 

5 

j 10 g_, d. 2-5 

0-3-0-49 

* 

| 10 g-. d N 2-5 1 

0-3-0-49 


Hatia cf 
li ml unr 
grain { 

VoL 

H.O 

(c3.). 

i 

Temp. 

| -c. 

1:1-23 ! 

70 

| Boiling. 

1:1-1S 

70 

1 Boiling. 

ha. 

100 

> SO 

1:1-6 1 

250 

i Boiling. 

1:1-6 

500 

j Boiling. 

1:1-76 . 

ICO 

Boding. 

1:2 

50 

1 SO 

Idl 

100 

1 100 

1:1-63 1 

100 

1 ICO 

1:1-63 | 

50 

j 90 


. * ^fcwe a density U rfrea ti» s£ix> v»:?K 
'OLrertet to gire the s-oriard volume cf pbsss 
l cf d_ fereut densitv. 

‘ Ber. ISeO j 22 . 210 . 

; " Die Gb-rfibrfintirn," l r <31 
: J-Soc. Glijj Tech. 1&20, 4, Co. 

1 Pr.-rate commuricatioa. 


£ J. See. Glass Tech. 1502. 6. CO ; 1926. 10, C 

* Sprecbsaal. 1527. 60, 235. 

T Giastech. Ber. 1526, 4, IC7. 

* /ted. 1505, 5, 445. 

* /. Sec. Glass Tech. 1525. 12 P, 12, S6, 104. 
” EaE. Acer. Ceram. Soe. 1535, 14, 1S1. 
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grains snould be of —ell annealed glass and 
should be freed from ndheriup fine dust by blov- 
T-ith dry air and then washing with dry 
alconol until no turbidity is produced, otherwise 
gFEat difficulty trill be experienced in obtaining 
concordant results (W. E. S. Turner and F. 
Winks, J. So c. Glass Tech. 1526, 10, 102). A 
boiling test has been specified bv the Glass 
Standards Committee of the Societv of Glass 
Technology for containers in the form of 4 on. 
medical Dottles (tied. 1931, 15 P, 52) and results i 
of its application described bv W. E. S. Turner. 
H. S. Blackmore, T. Dimblebv, H. S. Y. GIU 
H. W^ Howes and W. J. A. WL-ren (mid. 1935, 
1”1). The results of durability tests are 
generally specified either as percentage loss in 
v tight or as Na.O liberated in mg. per so. dm. 
or per so. cm. for surface tests and as Ne. 6% or 
total Na.O extracted in powder tests. For fiat 
e~ ~ ’ --7- window glass, twin cells are built up by 
G. Keppeler of three plates and two separators 
held together to make tight joints and the attack- i 
*ng liquid is placed in the two cells. For glasses of 
lo— dnrab3itythemethodofE.3Iylias(Z.Instru- i 
meatenk. 1S53, 8, 267) uses a solution of 0-5 g. j 
o-jnmSed iodeosin in a litre of ether free from 
acd decomposition products to attack a freshly : 
Froksa surface for 1 min ute. After rfnrfng in i 
dgy etker, tke precipitated dye is trashed off t 
■sTth 0-1% Na,C0 3 solution and is deter- ( 
inined colorimeincally ag ains t a standard solu- 1 
tion containing 0-01 mg. iodoesin per ml. On c 
this basis klylius divided glasses into five ( 


. “hvdrolvtic classes ’WJ A 5 precipitating0-00-0-05 
0-05-0-1', 0-1-0-2, 0-2-0-4 and 0-4-0-S mg. 
iodoeosin per so. dcm. respectively. The 
figures for solution from hollo— ware of the five 
classes -ere, at SO", 0-00-0-02, 0-02-0-06, 0-061- 
0-202, 0-202-0-S09 and >0-S09 mg. per so. dcm. 
The test does not work so well with borosElicate 
or glasses containing BaO, PfaO or ZnO. A 
qualitative test that on the Continent has been 
considered as a quantitative one is that described 
I by L. Kroeber (Chem.-Ztg. 1914, 38, 1196) 
using 0-1% solution of narcotine hydrochloride 
(see clso J. So c. Glass Tech. 1923, 7, 122). The 
quantity of alkaloid precipitated depends on the 
a'mount of alkali liberated by the container. 

For testing ampoules a British Pnarmacopcsia 
Sub-Committee specify a powder test and one 
carried out on the ampoules themselves- The 
latter consists of filling the ampoule with s solu- 
tion of llethvl Bed containing 8-3 ml. of 0-02 
A'-HCI per litre, prepared according to precise 
directions, se aling and heating in steam to 
1 atm- pressure "for 30 minutes, cooling and 
[ inspecting. The colour of the indicator mnst 
; not have changed to the full yellow. 

The results of powder tests are gtven in Fig. 1 
after Y. Dimbleby and W. E. S. Turner (f.c.) 
which compares the behaviour of various oxides 
on a molecular basis and in Fig. 2 after -J. Ensz 
(Glastech- Ber. 1928, 5, 1) on a weight per cent, 
basis. The effect of container-size on results 
of the 5 hour boiling test for medical bottles 
(?.c.) is apparent from the following table. 



2 6 10 14 18 

< olecutes ptr 100 of $i0 2 

Fio I — Effect of Various Oxides on 
Dcrj bilitt of Glasses of General Type 
(Molecular) 6SlO,(2-a:)Na.O zRO. 


The percentage composition of various bottle 
glasses (4 oz medical bottle test) are given 
below 


OUm | 

SlO, 

o’ 

CiO 

NajO 

B.O, 

| Alkali 

1 ex 
traded 

mg 

NijO 

A 

74 7 

1 03 

95 

14 9 


207 



0-8 

76 

16 2 

07 

1 76 




88 

17 7 





05 

91 

17 5 


| 39 


I- or the powder test according to the method 
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results for ordinary glasses in agreement with 
those of other methods unless the pressures 
used are very low. 

Viscosity is measured by the falling ball 
method (L Masson, L. F. Gilbert and H. Buckley, 
J. Soc. Glass Tech. 1921, 5, 337; 1932, 17, 43 ; 
A. R. Wood, Ann. Physik, 1934, 21, 761), 
Margules rotating cylinder method (E. W. 
Washburn and G. B. Shelton, Univ. Illinois 
BuIL 1924, 12, Xo. 33 ; S. English, J. Soe. Glass 
Tech. 1924, 8, 205; 1925, 9, 83; Physical 
Rev. 1930, 36, 347) and by drawing out a plati- 
num wire at constant speed from the glass 
(V. H. Stott, E. Irvine, D. Turner, Proc. Royal 


Soc. (London), 1926, A, 112, 499). Viscosities 
greater than 10 s poises are measured by ob- 
serving the rate of deformation of a test 'piece 
under some force, e.g. torsion, extension under 
load (S. En gl is h , J. Soc. Glass Tech. 1923, 7, 25 ; 
H. R. Lillie, J. Amer. Ceram. Soc. 1931, 14, 502). 
Mnch systematic work still needs to be done to 
amplify present knowledge. The effect on 
viscosity at 1,000’ of replacing Na.O by CaO, 
MgO, AI 2 0 3 in the glass 2Na 2 0-6§i0 2 'is given 
by S. En gli sh as in Fig. 3, and the same worker 
(be. 1925, 9, 83) found in four component glasses 
derived from Na.O — CaO — SiO, glass es that 
various substitutes had the effects listed below. 


Replacement of 

Change in viscosity. j 

... ! 

limit of 
applicability. ■ 

1,400’C. 

1,300’C. 

1,200’C. 

1,100V, 

1,000 C C. 

1 

900=C. 

l%Na.O bvl% SiO. 

3 

mm 

4-0-072 

RVil 

4-0-101 1 

4-0-120 


1% Na.O bv 1% CaO 

EaiffiHil 

4-0-070 

4-0-062 

EMyH 



9% CaO 

1% MgO by 1% CaO 

4-0-097 


Rilililil 




1-5% MgO ' 

1% AI.O. bv 1% CaO 

1 -0-034 

! 

-0-024 

mm 

Him 



2%A! 2 0 3 


Magnesia replacing lime produces at tempera- 
tures between 800 s and 1,400’C. a definite de- 



Fig. 3.— Effect of Vaeious Oxtdes os 
Vis cos itt of Glass. 

crease in viscosity to a minimum (in English’s 
series of glasses at approximately equimolecular 
amounts of MgO and CaO) and alumina re- 


placing lime gave a steady rise in viscosity at 
1,400', but a well marked drop to a minimum at 
1,000' and 800', this being located at 0-1 mole- 
cules Ai»0 3 . For a comparison of approximate 
viscosity values for different types of glass, see 
Table in compiled from the data of-C. L. Bab- 
cock (J. Amer. Ceram. Soc. 1934, 17, 329; cf. 
H. L. Crook, J. Soc. Glass Tech. 1939, 23, 82). 


Table ILL — Viscosrrr. 


ESI 

II 

O 

3 

• 

•x 

5 

6 

SiO. . . 

72-6 

67-3 

81-0 

75 

65 

60 

e,o 3 

1-4 

2-0 

13-0 

15 

— 

— 

Na-O . 

16-0 

14-0 

4-0 

5 

7*5 

5 

K.O . . 

0-7 

— 

— 

— 

7*5 

5 

rfso. . 

1-7 

— 

— 


— 

— 

CaO . . 

6-4 

7-0 



— 

— 

ZnO . . 

— 

7-0 


— 

— 

— 

PbO . . 

— 


— 

5 

20 

30 

A1.0. . 

1-0 

2-5 

2 

— 

— 

— 

log rj at 
°C. 

750 

6-3S 

6-47 





£50 . 

5-30 

5-01 

— 

— 

— 

— 

1 

4*05 

3-6S 

— 

— 

1-22 

1-S2 

r § 7S^K& 

3-45 


1-44 

1-25 

1-00 

1-54 



2-51 

1-27 

1-04 

KXEl! 

1-29 

i;soo . 

2-46 

2-01 

1-14 

' 

0-S7 

0-65 j 

1-14 


The deformation of glass under load is a func- 
tion not onlv of temperature but of time as 
shown by E. Zschimmer (Silikat-Z. 1914, 2, 129), 
who found the cohesion temperature for two 
polished flat discs of glass fell from 61 TC. for 
1 minute heating to the following values : 
5S5" (20 minutes), 574’ (50), 56 7’ (100), 564" 
(ISO), 553’ (S40), 540° (1,440). Adopting a 
30 minute heating time, he found the cohesion 
temperatures of various optical glasses to be: 
flints 450-500', silicate crowns 300-550’, boro- 
silicate crowns 350-600’, barium flints 600-650’, 
barium crowns 600— 70Q‘C. J. T. Littleton (J. 
Amer. Ceram. Soc. 1927, 10, 259) defined the 
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“ softening point ” of a glass as that temperature 
at -which a rod 9 in long by 0-6 mm diameter 
elongates under its own weight at the rate of 
1 mm per minute when its -upper 9 5 cm of 
length is heated in an electnc furnace This 
corresponds with a viscosity of 4 5 x 10 1 poises 
The Joint Technical Committee of the Society 
of Glass Technology and the Deutsche Glas 
techmsche Gesellschaft recommended that the 
maximum point M g on the thermal expansion 
curve be taken as the softening point This may 
perhaps be regarded as the incipient softening 
point corresponding with a viscosity of 10 u — 10 1 * 
poises Morey (“ Properties of Glass,’ London, 
Chapman and Hall, Ltd , 1939) considers 
Littleton’s definition agrees better with the 
usual conception of softening 

Viscosity xn Relation to Manipulation of 
Qlass — -The rate of change of viscosity with 
temperature is very important in glass working 
Soda lime silica glasses containing a high per 
centage of lime (12-14% CaO) set very quickly 
as the temperature falls They are thus suited 
to hand production of bottles and the drawing 
of sheet glass Mechanical bottle production 
requires a glass with less rapid setting character 
isties or a longer “ working range so lime is 
replaced by alkali and to some extent by mag 
nesia whilst a little silica is sometimes replaced 
by alumina Where complicated manipulation 
m hand processes is carried out as m making lead 
crystal tableware, the very large working range 
of the potash-lead glasses is exploited The 
temperatures corresponding to the following 
viscosity values are of importance in main 
pulation 10 s COS units (average furnace 
working temperature), 10* CGS units (lower 
limit of working range), and approximately 
10 11 CGS units (the temperature at which 
a break occurs m the temperature-property 
curve) 

Surface Tension is of importance m several 
manufacturing processes, notably in the heating 
of thin walled vessels, e g melting off the caps 
di dieiinc'iamp’mlio’diariiis sealing ine pin in 
assembly into the bulb, fire finishing tumbler 
edges Most of the somewhat scanty and un 
systematic work done has been by the drop 
weight method which gives rapid and com 
parable rather than precise values (E W Tillot 
son, Ind Eng Chem 1911, 3 631 , 1912, 4, 
G5l), but recently the bubble method has been 
used (F M Jaeger, Z anorg Chem 1920, 101, 
1 C W Parmelee and eo workers, J Amer 
Ceram Soc 1937, 20, 224, 235 , J Soc Glass 
Tech 1937, 21 44 , Urnv Illinois Bull 1939, 
36, ho 311 G Keppeler, J Soc Glass Tech 
1937, 21, 63) Considerable discrepancy of 
results exists between observers The beat 
values for ordinary silicate glasses are around 
300 dynes per cm The temperature coefficient 
is low, namely —0 01 to —0-01% per ®C Borate 
and lead glasses have a lower surface tension 
than alkali or alkaline earth silicates 
Density or rather Specific Volume is an 
approximately additive property so that factors 
may be assigned to be used in the Winkelmann 
formula 100/D-»P,/d.+P t /d 1 +. etc , where D 
“ the density of the glass, p,. P r . the per 
c* »ge amounts of the constituent oxides and 


d } , d z , the density factors assigned to them 

The various factors deduced ate given below 


Oxide 

Wlnkel 
tuann and 

Schott 

Baillle i 

English 
and i 
Turner ( 

TlUotson 

StO, 

23 ; 

2 24 ! 

22 | 

23 

B,O a 1 

19 1 

— I 


— 

Na 2 0 1 

26 

32 

3 47 

— 

K s O 1 

28 




— 

MgO 1 

38 

3 25 

3 38 

40 

CaO 

33 

43 

1 5-0 

1 4 1 

ZnO 

69 

— 



1 — 

BaO 1 

70 



i — 

1 — 

PbO 1 

96 

— 


1 — 

ai,o 3 

41 

2 75 

2 75 

2 75 

P.Of 

2 55 

— 

— 

— 




_ 
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Determination — (1) Displacement method of 
Archimedes , (2) flotation of grains m mixed 
liquids adjusted until the gram neither sinks 
nor floats, followed by a determination of the 
density of the liquid (capable of high precision 
and applicable to very rfmall amounts), (3) 
pyknometer method (liable to error from en 
trapped air) 

Past thermal history affects the density G W. 
Morey and H E Merwin (J Opt Soc Amer 
1932, 22, 632) found that differences of 0 006- 
0 011 occurred between well annealed specimens 
and those which had been quickly cooled, the 
former having the higher values To reach the 
maximum density a few hours annealing at 200- 
300° below the temperature of “ incipient 
flowage was found necessaiy Little is known 
of the density of glass at temperatures beyond 
the softening point S H Li (Urnv Illinois 
Bull 1924, No 140) gave the following 


I I I Density at 


SIO, 

N h O 

CaO 

- 

1 20<J‘C 

J 4S4*C 

82 6 

17 4 



2 19 

2 16 

70 0 

30 0 

— 

2 42 

2 41 

60 0 

400 

— 

2 28 

2 35 

63 0 

13 6 

23 4 

2 61 

2 59 

70 0 

20 0 

10 0 

2 26 

2 20 

70 0 

10 0 

20 0 

2 31 

2 23 

72 25 

15 1 

12 1 

2 28 

2 23 

73 5 

16 5 

10 0 

2 31 

2 28 


W HUnlein (Glastech Ber 1932,10 126) found 
a drop from 2 28 at 800° to 2 185 at 1,400°, 
whilst G Heidtkamp and K Endell (»6»J 1936, 
14, B9) found a drop from 2 27 at 1,000° to 2 22 
at 1,400" for a 20% Na,0 and from 2 26 to 
2 14 for a 60% Na t O soda silica glass See also 
I Sawai and S Inoue, J Soc Chem Ind 
Japan, 1940, 43. 47B 
The densities of the sy stem 

NajO— CaO— SIOj 

according to F C O Glare, J C koung and 
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A- X. Finn (Bur. Standards J. Bes. 1932, 9, 
192} may be represented by the formula 

l®= c A-b£B-b-/kb/C 2 

triiere A, B and C are the percentages of SiO„ 
Na.O and CaO respectively, and fi, y and ■/ 
are “ constants ’’ chosen accor din g to the 
following table : 


SHics ; 
limits 
percent. | 

cX 10*. | 

l 

! 

j 

fix io j ! 

! 

yXlO 3 . | 

yxio*. 

50—%*. 

4-252 

i 3-537 I 

; 2-545 

| 8-0 

A^— A-5 . , 

. 4-3028 

3-4628 | 

2-500 j 

! 4-0 

A^-Av . ! 

: 4-3922 j 

3-2S72 i 

2-285 I 

> 5-0 

Ac-1 GO . , 

r 4-540*0 | 

i 

; 2-S4S0 i 

* i 

: 1 

1-S44 

; 14-S 


*A:=5C~4— 0-2&:':C*O)-^0-£'32( c ;CaO)-. 
A-i = 65-3 -j-O-ISOJ-CaO)— 0 -C* 34 { f-CiO) 1 . 
At= T4-S - CMji7( = : 0.0)=. 


The densities of a nnmter of glasses are given 
in Table TV (p. 544) which also includes optical 

d iTt- 

Thermat Expansion is measured by the ex- 
pansion of a rod relative to a comparison speci- 
msnt of known behaviour (Chevenard method 
used by Turner and Winks, .J. Sac. Glass Tech. 
1923, 12, 57) using an optical lever system; 





10, 551 ; 1929, 12, 760), namelv SiO, 05, B-O, 
(up to 12%) 6-53, Na,0 41-6, fC.O 39-0, 
MgO 4-5, CaO 16-3, ZnO 7-0, BaO 14-0, 
PbO 10-6, Al,0 3 4-0, all multiplied bv 10- s . 

These are used in the formula c=a l j) l d-a 2 p l , 

where a lt a , are the factors for the oxides’ and 
Pi’ P: - - - the percentage amounts present, 
replacing the classic ones of Winfcelmann 
and Schott. The existence of definite change 
points on the expansion curves 'below T s "is 
reported by Turner and Winks (Z.e.), A. Klernm 
and E. Berger (Glastech. Ber. 1927, 5, 405), 
E. Seddon and W. E. S. Turner (J. Sac. G lass 
Tech. 1933, 17, 324), but questioned byj. T. 
Littleton (loifi. 1931, 15, 262). The past thermal 
history undoubtedly affects behaviour in t his 
range. J. B. Saunders and A. Q. Tool (Bur. 
Standards J. Bes. 1933, 11, 799) found for a 
Pyrex glass that the linear expansion between 
20 and 200' could be altered 10% by heat treat- 
ment in the range 450— 750 C C. In general, quickly 
cooled glass has a higher expansion up to some 
temperature below T s (called D t by Turner and 
Winks, see Fig. 4) than that of a well annealed 
specimen- Values for the linear expansion co- 
efficients CXIO 7 of some industrial glasses are 
Pyrex glass 32-36 (between 21-471 C C.), Jena 
59 111 64 (3S-522 C ), Jena laboratory ware 48 (19- 
414"), gauge glass 46, bottle glass 82-SS (20— 
100 c ), plate g hiss 88 (0 -400 c ), lead crvstal glass 
88. 

When two glasses have to be sealed together 
as in lamp-working or the casing of coloured 
glass on a colourless base, or when wires are 
sealed into glass, not only should the expansion 
coefficients- of the two substances agree fairly 
welL but there should be matching of the cha- 
racteristics over the annealing range of the 
glasses (W. E. S. Turner and F. Winks, J. Soc. 
Glass Tech. 1928, 12, 25, 57, 161 ,- A. W. Hull 
and E. E. Burger, Physics, 1934, 5, 384; C. J. 
Miln er, J. Soc. Glass Tech. 1939, 23, 308). 

The success of the sealing operation depends 
upon the angle of contact of glass and metal 
and on the nature and thickness of the latter. 
When two glasses are sealed together the thick- 
ness of the two layers (as in flashed or cased 
opal) is of importance. 

Specific Heat is more nearly an additive 
propertv than an v other, A. Winkelmann (Ann. 
Phvs. Gnem. 1893* [in] 48, 401) gave as the relation 


Fig. 4, — Turuinr, Expavsiox Ccbves. 
Stsjlxvetd SzEcnms- Shows Dotthd. 


C Prir . P - F -1 , 
^ 100 ' 100 ' 


bv fate uterometer methods (C. G. Peters and 
C* PL Cragoe, Bur. Stand. Sd. Papers 1920, 
Xo. 393 ; B. Wenig and E. Zschimmer, Sprech- 
1929, 62, S53) or by mercury in a glass 
volumenometer (S. English and W. E. S. Turner, 
J. Soc. Glass Tech. 1919, 3, 238). The form of 
the excursion curve is shown in Fig. 4 from 
Turner’ and Winks {ibid. 1930, 14, 90), the lowest 
curve being that of a highly strained specimen. 
Tie expansion in the annealing range is from 2 to 
II times the rate in the lower range (Peters and 
Cragoe, J. Opt. Soc. Amer. 1920, 4, 105). Below 
the lower annealing temperature Tj the linear 
expansion may be calculated by the fketors of 
T jJgfrsh and Turner (J. Amer. Ceram. Soc. 1927, 


, . are the percentage amounts 
oxides present and e x e 2 their 
The letter he gave as 
0-2272, Po0 5 0-1902, 
0-1 S60, U„0 0-5497, 
0-0673, ZnO 0-1248, 
_ ... = _ 0-2439, A!.0 3 0-2074. 

Thuret (J. Soc. Glass Tech. 1936, 20, 680) 
the mean specific heat of fused silica as 


Hi ere ppp* - 
if individual 
pedfic heat factors. 
SiO. 0-1913, B 2 0 3 
12,0 0-2634, K»0 
;aO 0-1903, BaO 
=bO 0-0512, MgO 


On — 


aid- Co, 
hl~l 


where c-- 0-4579 x lC r ~~ T b - - 1-4 * 4 1 x 10 ' , J2o 
0-1683 and t=temperatures between 14100 ' and 
-4-2,600'C. 
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edges of teat rods in (2) above gave much lea3 
scattering of results, and R W Douglas {ibid 
1936, 20 617) pointed out the effect of shape in 
setting up thermal stresses even in well annealed 
illuminating -ware He favoured dropping water 
on such specimens under service conditions For 
testing tubing he recommended forcing cold 
mercury into the heated tube as giving closer 
agreement with behaviour in practice than water 
immersion testa 

Effect of Composition — In test (1) above 
chemical ware beakers withstood a temperature 
shock of 239-209"C whilst beakers of sheet glass 
withstood only 126°C In the rod test, a com 
mercial lime soda glass gave values of approxi 
mately 131°, 125° and 116° for diameters of 3-4, 
4-5 and 5-6 mm respectively, whilst a “soft 
soda ’ glass as used for lamp working gave m the 
same size groups values of 112% 104° and 96° and 
a commercial boro9ihcate glass gave values of 
325% 308° and 285° 

Optical Properties — Refractive Index is 
enerally expressed for the mean sodium (D) 
line (5,893 a), but the mercury lined A(4,047 a), 
g { 4 358), hydrogen G (4,341), F(4,861), C(6,663), 
helium (4,922), 6(7,065), d(6,876) and potassium 
A'(7,682) lines are also used For optical com 
putation the differences in the refractive indices 
for various wave lengths is needed and this is 
expressed either as a direct difference, eg 
nt — nc often written F— G or as the quantity 
i>=(n D — l)/(» F —n c ) Optical data on simple 
glass systems are not very complete, most accu 
rate measurements having been made on special 
glasses for optical purposes For a senes " 
of glasses of the same type, refractive index and 
density move m parallel Specific refractmty 
is given by the following formula Gladstone 
and Dale (n— 1 )jd, Lorentz and Lorenz 
(n*— l)/(n*+2)d, Eykman (n*— l)/(n+0 4)d and 
Lichtenecker (log n)/d G W Morey and H E 
Merwin (J Opt Soc Amer 1932, 22 632) give 
for the soda hme-sihca glasses the formula for 
calculating specific refractmty according to 
{a) Gladstone and Dale as 

0 1947(%Na 3 O)+0 2268(%CaO) 

+0 2081(%SiOj) 

and (6) Lorentz and Lorenz as 

0 1116(%Na,O)+0 1221(%CaO) 

+0 1237(%SiOj) 

The Gladstone and Dale formula gave the better 
results In three component glasses ZnO has 
about the same effect on dispersion as CaO for 
the same percentage weight, but only about half 
as much on refractive index, BaO has less 
effect than PbO on both refraction and dis 
persion and for a given change in refractive 
index the change in dispersion is less than for 
the corresponding PbO glass For equal weight 
percentages 

Bl t Oj — Na a O — SiO, 

glasses have higher indices than corresponding 
PbO glasses K 3 0 — CaO — SIO f glasses have 
lower index dispersion than corresponding N a.O 
glasses The same holds for K,0— BaO— SIO, 


and Na 2 0 — BaO — SI0 2 glasses Mixed alkali- 
lead and mixed alkali-barium glasses have inter 
mediate properties In the optical glasses 
Bj0 3 shortens the violet spectrum, the borate 
flints having highest red and lowest violet dis 
persions Total dispersion increases from the 
borate crowns (A1 2 0 3 and B 2 O s ) to the borate 
flints (PbO and B 2 O s ), intermediate glasses 
having notable amounts of BaO and/or ZnO 
Borosihcate flints come between borate and 
silicate flints Fluorine (6-9%) decreases the 
F — C value without affecting greatly the partial 
dispersion ratios Data for n D and F — 0 values 
have been given m Table IV, also composition 
and densities The effect of rise in temperature 
is to increase refractive index up to the annealing 
region (A A Lebedeff, Trans Opt Inst 
Petrograd, 1921, 2, Ho 10, C O Peters, Bur 
Stand Sci Papers 1926, No 621) In passing 
through that region a rapid falling off occurs •' 

Stress Optical Properties — D Brewster (Trans 
Roy Soc London, 1816) showed that glass under 
stress behaves as a uniaxial optically negative 
crystal, the birefringence being proportioned to 
the stress L H Adams and E D Williamson 
(J Franklin Inst 1920, 190, 697, 835) have dis 
cussed mathematically the stresses developed in 
lass by temperature gradients and the resulting 
irefnngence S R Savur (Phil Mag* 1925, 
50, 463) measured the stress optical coefficient 
in tension and in compression and stated that 
up to stresses of 100 bars (1 bar=10® dynes 
per cm *) the relation between stress and hire 
frmgence is linear, being the same for tension 
and compression The unit proposed for photo 
elasticity is the Brewster«=a relative retardation 
of 1 Angstrom unit per mm per bar 

F Pockels (Ann Physik 1902, [iv] 7, 
745) found that the stress optical effect 
diminished regularly in lead glasses with in 
crease of PbO The ordinary effect was 
negative but with higher PbO content it 
became positive and Pockels estimated that a 
glass of composition SiO a 22 8, K z O 15, 
PbO 75 7 would have a zero value L N G 
Fil'on and" co workers (Proc Roy Soc London, 
1922, A, 101, 165, 1931, A, 130 410) found values 
for the stress optical coefficient ranging from 
1 8 for a heavy silicate flint to 3 66 for borate 
flint 

The absorption of light is dependent partly 
on the thickness, but mainly on the composition 
of the glass, especially m respect of its content of 
oxides which exercise selective absorption The 
best optical glass should transmit 98-99% 
of the light passing the surface on which it falls 
On the other hand, unpolished mirror glass, 

8 mm thick, may only transmit about 87%, 
whilst for glass strengthened by wire mesh, the 
transmitted hght may be only 65-60% The 
foregoing refers to general transmission of 
ordinary white light In the case of selective 
absorption, the different coloured oxides vary 
in the strength of their effect, cobalt oxide being 
one of the most powerful The absorption curves 
for several glasses containing CoO, Cr,0, 
NiO, Pe 2 0, and Mn.Oj have been measured 
by Zsigmondy (Ann Physik 1901,4 CO) 

The selective absorption vanes both with the 
concentration of the oxide and with the tem 
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perature. The general effect of rise of tem- 
perature is to shift the absorption towards the 
red end whilst the amount of absorption mar 
simultaneously be increased. This is illustrated 
by the following relative trans missi on factors 
at different temperatures (IT. Luckiest. J. Amer. 
Ceram. Soc. 1919, 2, 743) : 


COI- ; 
cur- 
ing 

Colour. 

Relative 

transmission 

factor. 

agent. 

(1) Cold. 

[ (2) Hot. 


2001 

ffiSl 

Cu -. 

Medium red 


100 

92 

i 84 

Co -i 

light- blue 


100 

104 

CO 

o 

r-d 

Co . 

Deep violet 

j Deep blue 

l 

Ho appreci- 
able change 

Au . 


| Violet 

100 

96 

93 

Cu . 

| Bluish-green 

| Yellowish- 

100 

94 

S2 

Mn . 

1 Purple 

* 


100 

94 

90 

1 

Cu . 

1 Deep red 


100 

67 

42 

Cr . 

Yellowish- 

green 

! Yellow 

! 

100 

S4 

67 


Afore recent work by A. J. Holland and 
"W- E. S. Turner (private communication) deals 
with a series of commercial and other glasses of 
known composition. Data for three such glasses 
are reproduced in Figs. 5, 6 and 7, the calculated 
percentage compositions being shown in the 
table : 


Glass. 

Optical 

D.EJD.F. 

Green 

bottle. 

Selenium 

raby. 

SiO, . . . 

26-9 

68-5 

6S-1 

b 2 o 2 . . . 

— 

— 

11-7 

PbO .... 

71-9 





ZnO .... 

— 

— 

11-6 

A! 0 0 3 

— 

3-4 

1-3 

Fe 2 0 2 

0-01 

1-6 

0-03 

MnO, . . . 

— 

2-3 



CaO . . . 



S-9 



MgO . . . 

— 

0-3 

— 

Na„0 . . . 

— 

15-4 

5*7 

K„o .... 

— 

— 

03 

As„0 3 . . . 

0-1 

— 

— 

(CdS-i-Se) . . 

— 

— 

1-3 



y IG- 5. Effect of Teupeeatwee ok Spectra l Teaksmissiox of a Double Extra Dekse 

Flest Optical Glass (thicskxss 10 sni.). 


In regard to ultra-violet radiation, fused 
quartz and fused B.O s are transparent, whilst 
a mixture of 3.O.. CaF. and A I .O - shows 
onlv weak absorption. Heavy lead-glasses and 
glasses coloured slightly with Cr.0 3 absorb 
ultra-violet light. 

Glasses which absorb heat radiations may be 
obtained by the use of the oxides or other com- 
pounds of’ chromium, cerium and iron, and 


certain other elements. The mineral biotite 
and the oxide FUjO* dissolved in soda-lime 
class absorb a high proportion of incident heat 
rays, whilst Crookes prepared a soda-lime glass 
from a batch containing 10% of ferrous oxal3te 
which absorbed PS% "of the heat radiation' 
(Crookes. Phil. Trans. 1914, 214, 1). 

Absorption ar.dT rar.smitsion have been studied 
bvR. Zsigmondy (i.c.), G. Gehlhoff. M. Thomas 
















Transmission (percent) 


4500 5000 5500 6000 6500 7000 

Wavelength ( A ) 

Fia . C —Effect of Temperature on Spectral Transmission of an Iron Manganese 
Dark Green Bottle Glass (thickness 2 mm.). 
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sna Fritz Sc sm idf (Z. tech. Pn>cdk. 193 1 .*, 11. and V 1 i. Bor spectral transmissions of eve- 
2S9), W. TTejI (Glzstech. Be- 2931, 9, 641: protecting: glasses, sec V. W Coblenz and'P.- 
1S3-3, 11, 67, 113). -Lee results are set out in Stair (Bateau Standards Circular ‘C. 421) and 
curre form. Bigs. S and 9, and in Tables Y, VI Optician Supplement. April 14th, 1939. 
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Table VI. 


A- ^ltea-Violet TBA 2 CTESioy or Coadieecial Ultba-Violet TBArrsnnxnrG Glasses 

2-0 inr. teicesxss. ’ 


! 




Transmission %. 

A (my). 



J 

260. 

270. 

275. 

285. 

294. 

302. 

312. 

334. 

340. | 

“ Breros '' 

0*5 

4*5 

9-5 

34-S 

56-5 

67-5 

78 

89 

92 i 

Uliravit 

0-6 

4-5 

9*5 

31-0 

54-0 

65 

75 

88-5 

91 

■ Uriol ■’ 

0-5 

4*5 

10-0 

35-0 

590 

73 

82-5 

90 

91 

Sanalux ” 

o-s 

5*0 

10-0 

35-1 

50 

77*5 

74-0 

88 

91 

, “ Fite” 

1-0 

6-0 

12-5 

34-9 

50 

61 

72-5 

88 

91 

t “ Belioglass ” .... 

0 

1-0 

10 

25 

48 

56 

73 

86 

8S 

( Belgian vrindo'R - .... 

1 

0 

0 

0 

0 

0 

0 

52 

58-4 

80 

{ 


B. ULTEA-VioLf-x TBAmnssioB, Schott Optical Glasses, 2-0 inr. thtckxess. 


l 

( 

1 

i 

flD. 

Transmission %. 

A {my.). 

\ 289. 

303. 


m 


405. 

436. 

) Boro silicate crown .... 

1-5106 

| 25-8 

57-1 


89-0 


91-8 

91-8 

Crown . 

1-5124 

21 

54-3 

74-0 

88-8 

91-6 

92 

92 

Barium crown 

1-5413 


42-4 

64-7 

87-0 

91-7 

91-8 

91-7 

Light barium flint .... 

1-5506 

0 

33 

66-2 

87-2 

91-5 

91-8 

92 

light flint 

1-5810 

0 

4-1 

39-8 



91-2 

91-5 

Flint 

1-6204 

0 

0 

21 

77-3 


91-9 

91-7 

1 

f 


C. SoLABiSAnoy Expect — C oiniEECXAL Ultba-Violet TEAKsinTirs-G Glasses. 




Transmission % for A =302 my. 1 


Thickness 





In mm. 

• 

1 month 




Initially. 

exposure 

exposure t 

, 



to sun. 


* ! “ Fite ” 

2-01 

51-9 

26-5 

21-8 , 

“ Edioalass 

2-00 

58-0 

46-2 

36-7 

“ Uliravit ” 

2-05 

62-3 

47-0 

37-6 1 

“ Eoltidlaes " ... . 

2-40 

41-1 

37-4 

33-2 , 

“ Sanaiux ” 

2-14 

51-0 

29-0 

21-2 

Eltra- Violet glass 

2-07 

52-8 

48-9 

41-0 

“ Sunlit ” 

1-92 

65-0 

46-0 

38-2 ! 

“ NeuglasE.” .... 

2-30 

61-7 

5S-7 

51-0 

“ Uvid Jena II ” . . . 

1-97 

49-5 

43-8 

30-1 | 

“ Corex ” 

' 

2-01 

81-3 

78-7 

70-1 ! 


'Los- hy Hefted ion a! the Glass-Air Surface and 
Means of Seducing it. — According to Fresnel's 
law the loss of light by reflection at an air-glass 
surface is related to the refractive index n of the 


glass by the expression 



and for a soda- 


Iirae-Eilica glass of refractive index approxi- 
mately 1-5 this loss is 4%, or much more than 
that lost by actual absorption in most optical 
systems whilst for a lead glass it is much 
greater. H. D. Taylor (“Adjustment and Testing 
of Telescope Objectives,” York, 1896) noted that 
weathered photographic lenses were much faster 
than freshly polished areas and suggested treat- 


ment of new lenses by weathering agents, c.g. 
H„S or alkali sulphide solutions to produce thin 
films on the surfaces. F. KoIImorgen (Trans. 
HI urn. Eng. Soc. Yew York, 1916, 2, 220) 
reported a~considerable reduction of reflection 
loss by surface treatment of lead flint or barium 
crown glasses, and F. E. Wright with «T. B. 
Fercuson described similar tests with 1 fo acid 
sodium phosphate or copper sulphate solutions, 
amonsst others, for IS hours at SO" (Manufacture 
of Optical Glass and Optical Systems, U._S. 
Ordnance Dept. Document Yo. 203", 1921, p. 77). 
Work bv J. Strom: (J. Opt. Soc. Amer. 1936, 26, 
73), K. B. Bloduett (Phvsical Rev. 1939,55,391), 
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Table VII —Infra Red Transmissions 



C H Cartwnght and A F Turner (titd 1940, cautions must be taken to eliminate this in 
55, 67oA) and F L Jones and H J Homer determination of the " bulk conductivity, ' 
(J Opt Soc Amer 1941, 31, 34) has shown that eg by working 171 vacuo According to M Fulda 
the effect is a function both of the nature of the (Sprechsaal, 1927, 60, 769 et eeq ) surface re 
layer left upon the surface and upon its thickness, sistivity at 25° at 100% humidity of the glass 
being due to interference phenomena There is 18% Na,0 82% SiO, was raised by aubstitut 
for a surface layer of given refractive mder an mg AljO s , B,O s BaO, FejO a , CaO, PbO 
optimum film thickness that produces nurnmum ZnO, or MgO for SiO t In all cases a 
loss by reflection, and the lower the refractive maximum value was reached Of these the most 
index of the film the better the effect Blodgett effective was CaO (at approximately 8%), then 
worked with insoluble metallic soap films eg B,O s (20%), BaO (10%) Al t O s (15%), Fe,O s 
banum stearate and cadmium aracludate, whilst (18%), MgO (12%) ZnO (13%), PbO (25%) 
other workers either produced weathered films A Gray and J J Dobbie (Proc Roy Soc 
by dilute acid attack (Jones and Homer), which London, 1898, 63, 38 , 1900, 67, 197) gave data 
behaved optically as if of silica, or deposited, for electrical resistance of glasses of known com 
by evaporation in vacuo, thin films of minerals position Fulda (1 c ) working on the 18 
of low refractive index such aB fluoT spar Jones Na,0, 82 (SiO,+ RO) senes of Gehlhoff and 
and Horner state that if after filming by 1% Thomaa showed that CaO increased specific 
nitric acid the washed specimen is heated to a resistivitymost(upto30%additions),thenBaO, 
temperature just short of deformation, the film B t O s MgO, PbO, ZnO, the last named having 
becomes quite durable to the handling ordinanly very little affect, whilst Al s O s caused a reduc 
given to optical components By treatments tion In the alkali silicate glasses, soda reduced 
such as the above the transmission of simple resistivity more than potash weight for weight 
lenses for white light has been raised to 99% and when replacing silica For data on commercial 
over glasses and porcelains, see E Seddon, W J 

Electrical Conductivity — It is agreed by Mitchell and W E S Turner, J Soc GlassTech 
most investigators that conductivity in 1939 23, 197 The only systematic work of 

high accuracy is that by E Seddon, E J Tippett 
NajO— CaO — SiO, and W S S Turner (ibid 1932, 46, 450) on the 

soda silica glasses 

glasses is due to the N a ion, though H II Poole Temperature Effect — Specific resistivity de 
(Nature. 1921, 107, 684) questions its purely creases rapidly with temperature, falling from 
electrolytic nature More systematic work, around 10 t4 ohms to about 10* at the annealing 
particularly on alkali free glasses is needed to temperature and to about unity in the region 
extend our knowledge (Morey) E Marburg of the melting temperature, eo that once heated 
and T Ihmon (Asm Phys Chem 1SS6, [ui] 27, glass can be electrically ineltcd by passing a 
481) showed that tho absorbed surface film on current through the mass There are sharp 
glass can conduct to a large extent, and pre breaks in the resistance-temperature curves at 
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T s . and the effect of strain on resistance is 
verr marked. Pyrex resistant glass has a sur- 
face resistivity of 10” ohms at 34% humiditv, 
5 x 10' ohms at 84% and a volume resistivitv 


of 10” ohm c.c. E. BaHe (cited bv F. Eckert 
Jahresber. P.adioafct. Elektronik, 1923, 20, 93, 
190) quotes the following values of conductivitv 
k in 10 !: ohm -1 cm. -1 : 


SiO. 

b,o; 

Na.O 


K.O. 

CaO 


BaO 


ZnO 

PbO 


k at 
1C <QP 
12 5 s 
150' 
175' 
200 - 


70-4 69-0 62-6 

56-2 

67-7 

4S-1 

51-7 

7-4 2-5 — 

— 

8-0 

4-5 


5-3 4-0 4-5 

1-5 

10-0 

1-0 

1-5 

14-5 16-0 S-5 

11-0 



7-5 

9*5 

2-0 S-0 — 

— 





— — — 

15-0 

— 

23-3 

20-0 

— — — 

9-0 

9-0 

10-1 

7-0 

— — 24-1 

7-0 

— 

— 

10-0 

0-012 0-0132 0-00542 

0-019 

0-0025 

0-00256 

0-00233 

0-0703 0-0672 0-041 S 

0-0416 

0-015 

0-0134 

0-00994 

0-334 0-425 0-221 

0 0963 

0-06S4 

0-0406 

0-039 

1-59 2-32 1-57 

0-5076 

0-66S 

0-106 

0-116 

6-9 — 7-69 

2-3S 

2-544 

0-374 

0-393 


Dielectric Properties . — Dkhdnc Cor, dad 
or Specific Inductive Capacity k varies between 
3-7 and 16-5. Increase of temperature in- 
creases r. (rise of 120 1 changes value by 3-14%). 
Values vary with the freouency of the current 
applied. For low frequencies the limit of 
stability is about SO" for lime glasses and I20 c 
for boroshicate, while at 10‘ cycles the corre- 
sponding values are 140' and 240 s respectively. 
^ alues of k are white plate 7-1. ordinary hint 
(lead) 7-4, densest silicate flint 16-1, Uviol crown 
5-6, fiuorcrown 5-S, dense flint 10-0, fused silica 
3-7, Pyrex glass 4-1-5-0. 

Didadric Lct-;=k X 8 (8, phase difference angle 
=90'— phase angle 6) and P=VI sin 8. Values 
vary with frequency, e.c. Pyrex glass at 1,000 
cycles has kSx10 1 =406. at 100,000 the value 
is 371, at 500,000 is 330, at 10* is 190. For 
Coming 707 glass, values are smaller still, 
ranging from 22-70 according to frequency, 
whilst those for other glasses range up to 2,000 
though most lie around 100-200. 

Didedric Strer.dh or resistance to puncture 
by electric discharge between opposite faces is 
given by the relation T=cd-r£ where V is the 
breakdown voltage in kilovolts, d the thickness 
in cm. and c and jS are constants. _ It is dffncnlt 
to draw conclusions as to the effect of com- 
position. P. H. Moon and A. S. Xorcross 
(J. Amen. Inst. Elect. Eng. 1930, 49, 125) 
reported strengths of 3,100 kv. for lead glass 
irrespective of thickness (0-04—0-28 mm.) and 
from 300 kv. at 0-04 mm. to 1,000 kv. at 0-2S mm. 
thickness for lime glass. 

Elastic Properties. — The behaviour of 
optically worked glass articles on standing (see 
C. Pulfrich, Hovestadt’s “Jena Glass, ’ Everetts' 
translation, 1902 ; F. E. Wright, “ The Manu- 
facture of Optical Glass and Optical Systems, " 
Government- Printing OSce, Washington, D.C. 
1921) indicates that-'fiow may occur in glass at 
ordinary temperatures so that glass does not 
possess a true elas tic limit but behaves rather as 
a very viscous fkrid even at these temperatures. 
E. W- Washburn, G. B. Shelton and E. E. 
Libman (TJniv . Illinois Bull. 1924, 140, 48) sup- 
port this view. The properties have heen studied 
bv inkelmann and Schott (Ann. Phvs. Chem. 
1S94, [xhj, 51, 697; IS97, [in], 61, 105); E. 


Straubel (ibid. 1S99, [hi], 68, 369), J. E. Clarke 
and W. E. S. Turner (J. Soc. Glass Tech. 1919, 
3, 260), H. T. Jessop (Phil. Mag. 1921, [6], 42, 
551) and G. Gehlhoff and M. Thomas (Z. tech. 
Physik, 1926, 7, 105). Several workers, in- 
cluding Winkelmann and Schott, and Gehlhoff 
and Thomas, did not analyse the glasses, an 
omission which detracts from the value of the 
results, and the factors of Winkelmann and 
Schott must be regarded with suspicion. 

Young’s Modulus (E) of fused silica was 
given as 700 khobars (1 khobar=10 5 dynes per 
so. cm-=l,020 kg. per so. cm.) by E. B. Sosman 
(“ Properties of Silica,’’ p. 437, 1927). Clarke 
and Turner found for the soda-Iime-shiea glasses 
i having an SiO, content of 74r-75% that increase 
; of lime at the expense .of soda raised E from 
567 kilobars when only 0-2% CaO was present, 
to 711 khobars when the glass contained 10-4% 
CaO. The results were expressed in the form 
E=I3-9 (%CaO)-p565-6. Gehlhoff and Thomas 
(l. c.) working on their series of glasses found 
that in the two-component glasses increase of 
Na.O or K.O at the expense of SiO, decreased 
E, K.O more so than Na.O. In the three-com- 
ponent glasses, PbO had very little effect whilst 
that of BaO and ZnO was not large and became 
constant after about 20% and 25% addition 
respectively at values of 690 and 700 khobars 
respectively. CaO had a marked effect, r aisi ng 
the value from 600 to about 900 khobars for a 
10% addition and pro rata ; B,0 3 increased the 
value not quite so much as CaO up to 15-20% 
(E=900), and then caused a fal l ing off. Fe,0 3 
caused a steady but less increase in E up to 
30% addition (750 khobars) and Al.0 3 only 
raised the value to 660 for a 20% addition. 
W. Horak and D. E. Sharp (J. Amer. Ceram. 
Soc. 1935, 18, 2S2) found that in glasses con- 
taining SiO, 74, Na.O 17% with 9-0, 8—1, 7—2 
and 5 CaO~ — 4 ZrO. respectively, the corre- 
sponding values of E were 439, 367, 325, 275 
khobars- ClarkeandTumerfounddiscrepancies 
amounting to 2S% when they applied Winkel- 
mann and Schott's factors to their experi- 
mental results. For more complex glasses, 
A. A. Griffith (Trans. Bov. Soc. -London, 1920, 
A, 221, 163) found E=621 khobars. Poisson’s 
ratio («r) =0-251 for SiO, 69-2, Na.O 0-9, 
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K.O 12 0, CaO 4 6, Al 2 O s 11 8 , MnO 0 9%, 
F Twyman and J W Perry (Proc Physical 
Soc 1922, 34, 151) found E=6I9 8 and <r=0 196 
for SIOj 64 8, PbO 34 6, Na a O 612, K s O 
4 3%, G Berndt (Z Instrumentenk 1920 40, 
20) found E = 798 9 for a borosilicate crown SI0 2 
69 6, B.0 3 9 9, BaO 2 5, Na„0 8 4, K 2 0 8 4% , 
F D Adams and E G Coker {Carnegie Inst 
Wash 1906, Pub No 46) gave 723 9 for plate 
glass and A E Williams (J Amer Ceram Soc 
1923, 6, 980) for Bingle and double strength 
window glass E=760, for 29-39 oz clear sheet 
726, polished plate 690, and rough rolled plate 
670 kilobars Increase of temperature usually 
causes decrease of E A E Badger and W B 
Silverman (i&id 1935, 18, 276) found a fall of 
658-560 kilobars from 25° to 450°C for the 
glass SiOj 681, Na 2 0+K 2 0 18 6, MgO 4 1, 
CaO 6 8, Al 2 0 3 +Fe 2 0 3 3 4%, the change 
being slow to 260° (E=659 3-0 125<) then more 
rapid between 350-450° (E=639-0 181) E 
Wandereleb (Ann Physik 1902, [it], 8, 367) 
found for borosilicate glasses containing Sb 2 O s 
that E increased with temperature, though sib 
cate glasses with up to 16% Sb 2 O a showed a 
decrease, and J M Ide {J Geo! 1937, 45, 689) 
found increases for fused SiO a and Pyrex 
glasses (722 and 630 at 0°, to 763 and 673 at 
400° respectively) 

Strain produces values smaller than for 
properly annealed glass G Berndt ( l c ) found 
E=755 and 814 for strained and annealed Bpeci 
mens of a borosilicate crown, and J Meikle 
(J Soc Glass Tech 1933, 17, 419) found 780 
and 769 for i and & in toughened glass, the 
untreated (commercially annealed) glass having 
the values 869 and 863 kilobars 
Compressibility (/?) is the reciprocal of the 
bulk modulus and is given as the relative volume 
change per kilobar pressure Adams and 
Williamson (J Franklin Inst 1923, 195, 476) 
found for plate glass SiOj 73, CaO 12 Na a O 
16%, at pressures up to 12 kilobars that/1— 2 27, 
2 23 and 2 05x10“* respectively at pressures 
of 0, 2 and 10 kilobars A basalt glass gave 
P= 1 45 X 10“* kilobars' 1 between 2 and 12 kilo 
bars P W Bridgman (Amer J Sci 1925, 10, 
359) found for Pyrex glass that /3 increased with 
pressure, and L H Adams and R E Gibson 
(J Wash Acad Sci 1931, 21, 381) gave 
10*/3»3<14 5+l 42P (P in kilobars), and for 
silica glass, which had the largest increase of 
any substance measured, 10*fl=2,689+15 P 
F Birch and R B Dow (Bull Geol Soc Amer 
1936, 47, 1235, J Appl Physics, 1937, 8, 129) 
state that a negative coefficient of compressi 
bihty is possible only below a temperature 
depending on glass composition, ranging from 
about 220° for lead glass to above 400° for 
silica glass the value for Pyrex class being 
270° " 

Poisson's Ratio (o) varies from 0 271 for a 
dense barium crown glass to 0 197 for a boro 
silicate glass and for ordinary glasses is about 
0 22 For silica glass it is 0 14, for medium 
flint, 0 166 

After-working Effect (a) Elastic — When 
subjected to stress for some time, all the strain 
does not immediately disappear from glass on 
removal of the stress G Weidmann (Ann 


Phys Chem 1886, [ui], 29, 241), showed 
the effect was determined by the duration of 
loading and the glass composition, and defined 
the elastic after effect as the ratio of deformation 
remaining after a given time to the original 
deformation Values of this ratio for Jena 16“ 
and a Thuringian glass were for removal of load 
after 20, 90 and 180 seconds, 0 0065, 0 0106 , 
0 0025, 0 0075 , 0 0014, 0 0057 respectively 
See also K H Borchard (Sprechsaal 1934, 67, 
297), and F W Preston, quoting 0 D Spencer 
(J Amer Ceram Soc 1935, 18, 220) 

(6) Thermal — The change of zero with time 
of a thermometer is well known (see Hovestadt a 
‘ Jena Glass,” Everetts’ translation, 1902) 
Thermometer glasses containing both Na a O 
and K 2 0, not one alone, were found by H F W 
Wiebe and 0 Schott (Z Instrumentenk 1886, 
6, 167) to be worst in this respect, and Weid 
mann ( l c ) showed that a thermally good 
glass was also good elastically The standard 
thermometer glasses have, according to E F. 
Mueller (Int Critical Tables, 1926, 1, 65), the 
following depression constants 1 (°C ) Verre dur 

0 07-0 11, Kew glass 0 20, Jena 16“ (Coming 
881)0 04-0 08, Jena 69“ (Coming 880) 0 03-0 04, 
Jena 1565 nI 0 01, Jena combustion 0 03 

Strength of G lass — Tests give results lower 
than those deduced on theoretical grounds 
Reduction of size of test piece, e g using fine 
threads for tensile tests, gives much increased 
values, from which most workers deduce that 
the ruling factor is the surface flow (A A 
Griffith Trans Roy Soc London, 1920 A, 
221, 162, J T Littleton, Physical Rev 1923 
(2), 22, 610 , F W Preston, J Soc Glass Tech 
1933, 17, 4) Preston (ibid 1926, 10 234, 
J Amer Ceram Soc 1926, 9, 664, 1931, 14, 419, 
also with J T Littleton, J Soc Glass Tech 
1929, 13, 336) studied the fracture of glass and 
showed that the faster the rate of travel of a 
fracture the more roughly “ hackled ’ was the 
broken surface, and the slower the travel the 
more polished and smooth was the surface 

Gehllioff and Thomas (l c ) found that the 
oxides they studied improved the tensile strength 
m their senes of glasses in the order (descending) 
CaO, B a O. (up to 16% then decreased strength), 
BaO, Al 2 0 3 , PbO, SI0 2 , MgO and ZnO 
were without effect, and Fe 2 O s gave reduced 
strength For bending strength they found 
improvement, in descending order, from CaO 
(up to 16% and then a falling off), BaO (up to 
20%) PbO (up to 20%) ZnO (up to 10%), 
Fe 2 0, MgO, B 2 O s (up to 17%), whilst Al.O, 
gave reduced strength CaO, BaO, PdO, 
BjO, and Fe 2 0 3 gave reduced crushing 
strength, MgO and ZnO had no effect and 
A I.Og gave increased strength Actual strength 
values for various glasses range from 0 52 to 0 83 
kilobars (1 bar=l 02 kg per sq cm ) according 
to Winkelmann and Schott (Hovestadt s “ Jena 
Glass,” Everetts translation), -or 0 64 to 0 92 
kilobars according to A Lecrenier (Le Verre, 
1924, 4, 149) for tensile strength, the correspond 
ing values for compressive strength being 6 0 to 
12 4 (W and S ) and 7 6-9 1 kilobars (Lecrenier, 

1 e ) The values are not easy to determine, 

1 The depression constant is the lowering of the 
zero produced by heating to 100 * and cooling quickly 
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and the spread of results is generally large. 
The approximate tensile strength of plate glass 
is 0-8/ kilobars. Silica glass, according to 
R- Sosman (" Properties of Silica, 1927 ”), has 
values of 3-8 kilobars for tensile, and 19-5 
kilo bars for compressive, strength. 

The effect of various factors on the strength 
of sheet glass may be summarised as follows : 
A altire of Surface . — Ordinary sheet according to 
A. E. Williams (l.c.) has a modulus of rupture in 
lb. per sq. in. of 6,111—12,755, rough cast plate 
5,500-S,625, polished plate 6,027-6,997, -wired 
rough cast 5,640—7,900, -wired polished 5,569- 
7,470 using specimens 18x2 in. (though O. 
Graf, Glastech. Ber. 1925, 3, 153, found wired 
glass less strong than similar glass without rein- 
forcement). Method of Support. — 0. Graf gave 
for 20x20 cm. test pieces of polished plate, 
ord inar y sheet, wired, figured rolled and plain 
rolled specimens the values 7,250, 8,960, 5,410, 
5,410, 4,830 when supported on opposite sides, 
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and 7,680, 18,640, 6,260, 8,110, 5,840 when sup- 
ported on all four sides. Duration of Loading.— 
For a uniform (hydraulic) pressure test Graf gave 
values 4,600-8,600 for instantaneous breaking 
strength, and 3,300-4,600 for the strength under 
continued load (duration varying from 0-03-108 
hours). A. -J. Holland and W. E. S. Turner 
(J. Soc. Glass Tech. 1940, 24, 46) found for a 
centre-loaded beam test that the mean time to 
cause fracture of small specimens 10x0-08 
x (0-265-0-285) cm. cut from sheet glass varied 
with the load as follows: for 100% of mean 
brea k in g load, 34 seconds; 90%, 97 seconds; 
80%, 6 minutes 4 seconds; 70%, 90 minutes; 
60%, 1 16 hours 14 minutes ; 50%, 1 39 hours 40 
minutes ; 40%, 1 33 hours 50 minutes. They 
tested 100 specimens in each category. Width 
of specimen and nature of finish of cut edges . — 
Holland and Turner (ibid. 1934, 18, 225 ; 1936, 
20, 72 ; 1937, 21, 3S3) illustrate the influence of 
these factors by the following table : 


Width 

(cm.). 

Cut and lower 
edge in tension.* 
Modulus (kg. 
per sq. cm.). 

Edges ground and 
polished. 

Edges ground and 
fire-polished. 

Width 

(cm.). 

Modulus 
(kg. per 
sq. cm.). 

Width 

(cm.). 

Modulus 
(kg. per 
sq. cm.). 

0-6-0-7 

603 

0-395 

646 

0-4 

1-299 

0-7-0-S 

576 

0-475 

620 

0-485 

1,274 

0-S-0-9 

564 

0-725 

584 

0-73 

1,114 

0-9-1-0 

546 

0-730 

553 

0-775 

1,030 

1-0-1-1 

534 

0-805 

579 

0-945 

991 

1-1-1-2 

533 

0-975 

549 

1-19 

935 

1-2— 1-3 

500 

1-17 

531 

— 

— 

1-3-1-4 

49 S 

— 

— 

— 

— 

1-4— 1-5 

494 

' 





* Lower and more reproducible values obtained than when cut edge is uppermost and in compression. 


Span under Load . — Data from the Building 
Research Station show a fall from 9,500 lb. per 
sq. in. to 7,900, 7,800, 7,750, 7,750, as the 
span under test increased from 0-7 in. to 10, 
20, 30 and 40 in. 

Impact Strength may be measured by the work 
in inch-ounces or g.-cm., etc., of a ball falling 
on the test piece, by the force of the blow of a 


swinging pendulum (or, rarely, the energy 
absorbed in the impact) or by height of fall of 
a given weight on to a ram in the hydraulic 
shock test. Using the pendulnm method F. W. 
Preston (J. Amer. Ceram. Soc. 1931, 14, 428) has 
recalculated the data of A. E. Williams (l.c.) and 
gives the impact strength (fi) as : 


4 


18 E (Yo ung ’s Modulus in lb. per sq. in. ) xF (ft. lb. to fracture) 
Ixbx thickness (all in inches) 


the values being as below : 


Type. 

fi , 
(average) 
lb. per sa- 
in. 

Average 
modulus 
of rup- 
ture, E. 

Batio 

AT- 

Sheet single strength 

12,060 

8,270 

1-46 

„ double ,, 

11,250 

7,880 

1-43 

„ 26 0Z. . . . 

10,870 

7,460 

1-46 

,, 34 OZ. . 

10,460 

74130 

1-45 

„ 39 oz. . - - 

10,540 

6,980 

1-51 

Polished plate, 4 in. . 

8,970 

6,030 

1-49 

Bough cast, 4 in. 

-9,770 

7,730 

1-26 

,, „ iin. . 

9,440 

7,500 

1-26 

Plain rolled, 4 in. 

8,060 

5,150 

1-67 

Wired, 4 In. . 

8,090 

5,5<0 

1*45 


In the falling ball test, specimens of J in. 
and A. in. thick - of ordinary plate glass 14 in. x 
10 in.'break at 16-7 and 23-1 in. drop of a 0-5 lb. 
steel ball or 14-5 and 19 in. drop of a 1-68 lb. 
ball, whilst toughened (“ ArmourpJate ”) glass 
of similar dimensions breaks at 129 and 160 in. 
drop of the 0-5 lb. ball wh£n simply supported on 
two rods 12 in. apart. Tbe strength of glass 
fibres was found by A. A. Griffith (l.c.) to in- 
crease from 1-715 kilobars per sq. mm. for 1-016 
mm . diameter to 2-912 for 0-1067 mm., 5-4S for 
0-050S mm., 12-72 for 0-0152 mm. and 33-S3 for 


i Mean time calculated Cron specimens that broke, 
be proportion of specimen' unbroken after LOOT 
mis Increased from 0 at 70% load to 3fl at ^-0 load. 
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0 0033 mm F 0 Anderegg {Ind Eng Cbem 
1939, 31, 290) found the tensile strength T 
of fibres (in lb per sq in ) was related to dia 
meter d (in 0 0001 cm ) by the equation 

t "0 firni i 550 ’ m i 600 000 

T-20.000+ +jjpojji 

Classification of Glasses 
As almost all glasses contain silica and, 
moreover, certain metallic oxides such as calcium 
oxide and sodium oxide, are present in many 
different types of glass, a simple classification 
based on composition is not available, and it 
is usual to classify glasses according to their 
use 

(1) Lime-Soda Glasses for Common Use 
— This type of glass is t he most important, smce 
bottles of all kinds, window glass and plate glass 
are made from it, as well as many articles for 
domestic use such as the cheaper forms of 
tumblers and pressed table glassware 
A Common Bottles and Class Containers — 
Analyses of actual samples show that con 
aiderable diversity of composition exists 



1 Continental made soda water siphon 

2 Pressed meat Jar (pale Breen) 

3 Modern colourless antomatlc-machlne made con 
tatner (good durability) 

4 Old typo colourless automatic machine-made 
bottle (poor durability) 

6 Modern dark green beer bottle made on automatic 
feeder fed machine 

8 Champagne haDd made wine bottle (continental) 

B Pressed Olassware of tho cheaper types 
frequently has a composition somewhat similar 
to the bottlo glass A 4 

A considerable improvement in the appear j 
aneo of pressed table ware may bo obtained by 
replacing the calcium partly by barium oxide, 
and the latter is accordingly frequently used 

C Window and Plate Class from different 
sources do not vary greatly in composition, as 
illustrated by the figures given in the table at 
the top of the next column 

D illuminating Olassware — A good deal of; 
the common illuminating ware such as lamp 
chimneys and globes and shades is made from 
a calcium-sodium or calcium-s odium-potassium 
glass, with or without other oxides Caicinm- 
s odium glass containing magnesium has come 
into extended use for the manufacture of electric 
light bulbs, replacing the more expensive lead 
glaas Common machine made globes have a 



Window glass 

Plate glass 

Old 

French 

mouth 

blown 

Modern 

British 

and 

American 

American 
(Ford) 
for auto 
mobiles 

British. 

SiO. 

71 6 

72 5-73 0 

72 0 

72 0 






FejOjJ 

05 j 

0 08-0 10 



CaO 

15 5 

8 5-9 0 

}ne{ 

95 

MgO 

— 

25-30 

33 

Na-O 

12 2 

13 0-14 5 

15 3 

140 

KjO 

— 

0-04 

— 

— 


composition not much different from that given 
for the bottle glass A 4 Other calcium contain 
ing glasses for illuminating purposes are mcluded 
for convenience in the section on illuminating 
glassware 

(2) Lead Containing Glasses — The best 
British glass for tableware, known as English 
crystal, or heavy crystal glass, contains silica 
lead oxide and potash, the proportion of lead 
oxide m the finished glass exceeding 30% 

Lead oxide has, until a few years ago, been an 
important oxide m the composition of glass for 
electric light bulbs, the amount present varying 
from 18 to 30% Other illuminating ware, 
especially in opal glass, usually has a lead oxide 
base Glass rod and tubing intended for use in 
the manufacture of electric light bulbs has also 
hitherto contained lead onde 

As examples of lead containing glasses, the 
following analytical compositions of commercial 
bulbs may be given 



British 
rod for 
electric 

English 

full 

crystal 

table 

German 

lead 

li 

o'” 

crystal 

ilgn) 

SIO, 

62 8j 



62 88 

70 0 

6,0, 





! 20 

PbO 

21 48 

35 1 

21 71 

19 84 

88 


0 35 

0 15 

0 10 

0 20 

04 

F*,0, 

0 10 

0 022 

0 008 

0 014 

01 


0 40 



0 76 


MiO 

010 





B»0 




0 68 

29 

ZnO 

0 93 





Na,0 

900 



1 63 


k,6 

4 60 

11 4 

12 88 

12 83 

115 


(3) Chemical, General Scentific and 
Heat Resisting Glassware may be of very 
widely different composition, which may be 
simple, such as in tho case of Fyrex glass, the 
chief constituents of which are silica and bone 
oxide, or may be complex like tho Bntish 
chemical resistant glasses, containing silica, bone 
oxide, calcium, magnesium, aluminium and 
sodium oxides with zinc oxide a ho in many 
cases 

A Chemical Glassware — The table given at 
tho top of the next page states the percentage 
composition of some different types 
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Compositions or 



(4) Optical Glass — (S*< p„606 ) 

(5) Coloured Glass — The range of colours 
which it is possible to impart to glass is very 
great If we include white or opal, it is possible 
to divide the coloured glasses into groups accord 
ing to the origin of the colour 

(a) Coloured Silicates — A number of oxides 
produce coloured silicates, e g Green ferrous 
oxide, uranium oxide (fluorescent), chromium 
oxide and (at high temperature) manganese 
oxide Blue cobalt oxide and copper oxide 
(the latter under oxidising conditions) Pink or 
purple manganese oxide and nickel oxide 

(6) Colour Due to Colloidal Solution or Sue 
pension — The ruby colours due to gold, copper 
or selenium, are good examples Each re 
agent is added to the batch mixture as a salt, 
accompanied by a reducing agent (although the 
selenium may be added as such or may be 
reduced by the furnace flame alone) When 
first made, the glasses are either colourless or 
have a light straw colour, but, on reheating, the 
ultra microscopic particles of gold, copper or 
selenium, grow larger by segregation leading to 
the production of the ruby colour If the last 
treatment is continued, the colour will ultimately 
become brown and finally, in the case of gold and 
copper rubies, visible particles may appear, 
resulting in the production of aienlunne glass 
with copper containing glasses having a high Cu 
content 

Amber colours, due to colloidal carbon and 
posstblv also producible by colloidal sulphur, 
and 3 ellow, due to silver, aro further examples 

(c) Opals Produced by Separation of an Emul 
sion — The calcium phosphate (bone ash) opals 
appear to bo due to this cause, the phosphate 
dissolving initially at high temperature and being 
precipitated from solution at a lower 

(d) Opals Produced by Inclusion of Air or Gas 
Bubbles See B P 364529, 364554, 25 6 30 

(e) Opals Produced by Devitrification — The 
devitrification may bo due to deposition of 
silica, when the effect may vary from a mere 
cloudiness or smokiness to actual opalescence 
Opal may also bo formed bj the separation of 
masses of CaSiOj or other silicates in very small 
crystals The opacifying material in most 
commercial opal glasses is now believed to bo a 
mixture of sodium and calcium fluorides 


The Raw Materials for Glassmaking 

The raw materials for glassmaking may be 
classified as — 

I Fundamental materials, or those which 
yield the acid and basic oxides comprising the 
mam substance of the glass SiO t , B-O s , P,O s 
AI,O s , Na 8 0, K a O, Ll s O, CaO, MgO, PbO, 
BaO, ZnO, FeO, and Fe a O s 

II Fluxes ASgOj, SbjOj, B 2 0 3 , Na,B 4 0,, 
CaF t , K S S1F„ NaNO„ KN0 8 , (NH^SO, 

III (a) Colouring agents CtlO, FeO, CoO, 
MnO, Se, C, S, AuCl s , NiO, Cr s O,, V,O t . 
Nd,Oj, PrjOj, Na,U,0 7 6H,0 

(6) Deodorisers MnOj, Se, ASjO s , Sb s O s , 
NIO, CeO a , CoO 

(c) Opacifiers SnO., Ca^PO^j, Na a AlF e 
CaFj NajSiFg, ZrO,, ASjOj 

IV Oxidising agents NaNO JP KNO JP 
BaO t , Pb 3 0 4 , MnO a 

V Reducing agents C (as coal, coke or 
other form of carbon), Zn, A I, Rochelle Salt, 
SnO 

It is to be understood that the basic oxides 
referred to above are generally used m the form 
of their salts Only the more important 
materials are commented on in the section which 
follows 


Acid Oxides and their Sources 
Silica —Sand constitutes the only really lm 
portant source of the silica which is present, in 
the majority of lead glasses, to at least 65%, 
and in calcium and other glasses to not less than 
66% The degree of punty demanded in a 
sand vanes with the type ot glass to bo made 
Iron oxide is the impurity least desired by the 
glass manufacturer It may be present as 
hydrated oxide, Iimomte (Fej0 5 ,HjO) or may 
be associated with day material, in both of 
which cases it may be reduced by washing, or 
again, ns a definite iron containing mineral, 
main as Auiwtfte m which case separation vs 
difficult 

The use of separating tables, t g Wilfley type, 
is sometimes found to give a good separation of 
heavy mineral particles from the sand whilst 
some can be removed by magnetic separation 
For chemical methods, see B P 325386 

For optical glass, the amount of iron oxide 
(as Fe.Oj) should not exceed 0 01%, for the 
best tableware, not be more than 0 02% , for 
second grade tableu are and chemical glassware 
up to 0 08 or even 0 1% , good quality colourless 
containers 0 04%, window glass 0 1-015%, 
for dark green bottle glass as much as 2-3% or 
even more For practical purposes there are 
no workable deposits of sand in the United 
Kingdom capable of satisfactory use for good 
optical or the best tableware glass Excellent 
sands are found in France at Fontainebleau , in 
Germany at Hohenboeka and K levels tern, in 
the United States at Berkeley Springs, West 
\ irgima, and at Ottawa, Illinois, with good sands 
also at various locations in Pennsylvania, New 
Jersey and hfassachusetts Belgium has ex 
cellent sand The best Bntish sands, at present, 
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addition of BjO s It reduces viscosity, serves 
as a valuable flux and 13 a good solvent for colour- 
ing materials Accordingly, 6ome colours -which 
are due probably to colloidal solution are not 
readily developed in presence of bone oxide 
Phosphoric Oxide is rarely met with in 
any considerable amount It is emplojed in 
special optical glasses { e g phosphate crowns) 
intended for use m protected portions of optical 
apparatus Host phosphate glasses are readily 
attached by atmospheric moisture and weather 
mg agencies 

It is also used sometimes m small amounts in 
glass for tableware as it bestows on it a bnght 
appearance For Buch a purpose it has occasion 
ally been added as bone ash but may better be 
added as sodium phosphate (Na.HP0 4 ) For 
optical glass, meta phosphoric acid is the form 
employed Phosphate glasses, m which the chief 
acid oxide is silica, are the opal glasses produced 
by the addition of bone ash or calcium phosphate 
Arsemous Oxide (As 2 O s ) (technically 
arsenic ' ) and antimony ozide (Sb a O.) may 
be classified under the acidic oxides Alumina 
probably also exercises an acidic function, but 
it is dealt with below under basic oxides 

Basic Oxides 

Calcium Compounds —Calcium may be 
added as carbonate, oxide or hjdrated oxide 
Precipitated carbonate and powdered calcite 
(limespar) may be used where impurities must be 
excluded Chemical lime and soap waste (both 
industrial by products) as well as limestone, are 
used for common bottle glass, though the by 
products are rarely encountered nowadays as 
their variable composition leading to similar 
variations in glass composition does not suit the 
stringent demands of mechanical forming pro 
cesses Burnt lime is largely used m American 
glass practice , slaked lime is used occasionally 
m Great Britain 

Unless for dark green bottle glass, the im 
purity to be avoided is iron oxide Precipitated 
•v&teaau v>etuomt&> 'ussudhy hno, nit%>iq’hJib npnatci 
ties of iron oxide, alumina and silica , limestone 
may have larger amounts of each of these im 
purities, and the iron may to some extent be 
introduced during the grinding of the limestone 
hen used for ordinary colourless glass, the iron 
oxide content should not exceed 0 04% In the 
limestones, organic matter and some phosphate 
may bo present Magnesia may or may not be 
considered as an impuritj In some cases it is 
deliberately added as dolomite limestone, m 
America as burnt dolomite c* 

Calcium carbonate in all of its various forms 
has the advantage of evolving gas during the 
glass melting operations, thus assisting m the 
stirring of the molten material Burnt lime 
must be used quickly owing to its adsorption of 
moisture and carbon dioxide , to a smaller 
degree slaked lime deteriorates also On the 
other hand, burnt lime appears to dissolve more 
quickly than limestone in sodium carbonate and 
it is also free from organic matter 
The Society of Glass Teehnolog> s spccifi 
cation states (J Soc Glass Tech 1937, 21, 
P, III) 


I Limestone for Making Colourless Glass in 
Tank Furnaces 

Moisture not more than 2% as received 
Grading not more than 25% passing 120 B S I 
Standard Sieve Composition CaCO s not less 
than 9S5%, Fe 2 0 3 not more than 0 04%, 
C not as carbonate not more than 0 1% , total 
non volatile matter {N V M ) insoluble in HC1 

10% 

II Limestone for Making Colourless Glass in 
Pots 

Composition and Moisture, aa I Grading 
all to pass $ in mesh and not more than 6% 
remaining on 14 B S I Standard Sieve 

Magnesium Compounds — Electric light 
bulbs, sheet glass, tubing for gauge glasses, 
chemical glassware, some heat resisting oven 
ware and (in U S A particularly) some colour 
less bottle glass, contain magnesia introduced 
into the glassmaking mixture either as dolomite 
or as calcined magnesia Certain continental 
glassmaking mixtures contain talc When used 
to replace lime in a soda-hme-sihca glass mag 
nesia in moderate amount (up to 3% in the glass) 
reduces the annealing temperature and gives a 
longer range of temperature over which the glass 
can be manipulated in the forming operation 

Sodium Compounds are introduced as 
sodium carbonate (technically soda ash), sodium 
sulphate (‘ Saltcake ), sodium nitrate (techni 
cally soda nitre ” and Chili nitre’ ) and borax 
All of these serve as a source of sodium oxide for 
the glass, and the other constituents of the salt 
escape as gaseous products except in the case of 
borax which in addition, serves as a source of 
bone oxide 

Practically all the soda ash employed is manu 
factored by the ammonia soda process It may 
be “ dense alkali * or “ light alkali ” dependent 
on its apparent specific gravity The former is 
preferable A variety “ Special for Glass Manu 
facture ” is available which contains less very 
fine material than the derse ash and has become 
the normal source of soda for glassmaking 

The impurities are sodium chlonde and small 
vnruiatcb ifi -mm irxdn vuL vuiaum vclqhntit 
Soda ash is one of the mo«t trustworthy products 
a glass manufacturer ha« to deal with 

Sodium sulphate or saltcake had a great 
vogue in making bottle glass m Great Britain 
until the early 1920’s, and is still used to some 
extent m making flat glass It was and still is 
cheaper than soda ash per unit of Na 3 0, but 
the considerably higher temperatures needed for 
successful melting and the greater corrosive 
action on the refractory materials have led to the 
substitution of soda ash almost entirely as 
regards container manufacture and very largely 
as regards that of flat glass Another point 
against the use of saltcake was that about 5% 
of its weight of coal was necessary to effect com 
plete decomposition but the precise amount 
varied with furnace conditions Too httle 
caused saltcake to float on top of the glass, 
attacking the refractories, and too much pro 
duccd an undesirable tint in the glass In melt 
mg soda lime-silica glasses, e g 6-10 parts per 
1,000 of sand m the batch, are often used for 
preventing scum on the surface and for speeding 
up refining 
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of red, brown and purple may be obtained, 
dependent on the relative amounts and total 
amount of the two oxides and on the presence 
of oxidising or reducing conditions during 
melting 

Ntckel oxide produces a violet colour in potas 
sium and a red brown in sodium glasses 
Selenium, used either in the form of the ele 
ment or as the selenite in conjunction with a 
reducing agent, for example arsemous oxide, 
gives rise to shades of red varying from pink to 
ruby 

Selenium needs a reducing atmosphere, and 
is therefore suitable for tank furnace practice 

The Glass Batch. 

General Composition — A number of at 
tempts have been made to establish a definite 
relationship between the basic and acidic oxides 
of a stable glass The simple, two component 
glasses composed of the sodium silicates (Water 
glasses, see later) are not sufficiently stable for the 
manufacture of glassware The introduction of 
a di or tn valent oxide, such as CaO, PbO, or 
Al j0 3 , brings about a large increase in stability 
Most commercially successful glasses contain 
at least three components Benrath (Sprechsaal 
1884, 17, 266, 343) came to the conclusion from 
the examination of a number of good glasses on 
the one hand and of faulty on the other, that, 
with the special exception of certain optical 
glasses, the normal composition of satisfactory 
alkah-lime-lead oxide glasses should vary 
between the limits 

N a i(K t )SijO,+ Ca(Pb)Sij0 7 
and 6Na 2 (K s )Si s 0 7 +7Ca(Pb)Si 3 0 7 
E Tscheuschner ( 1 Handbuch der Glasfabn 
kation,’ Leipzig, 1885) deduced the following 
formula for a good glass containing the alkalis 
and alkaline earths, namely 

xA+yE+3^+y)ScOj 

where xA represents the number of equivalents 
of the total alkalis Na a O and K a O, yE of the 
alkaline earth oxides 

Later Koerner (Sprechsaal 1915, 48 332) 
arrived at the conclusion that m kme con 
taming glasses, the proportion of silica should 
be greater when potash is present than is re 
quire d for soda Thus, when one equivalent of 
lime is present (t e y=l), the proportion of 
SiOj needed is 4{x 9 +l) If both soda and potash 
are present x representing the total equivalent 
of the alkaline oxides, and xg represents that 
of K a O, the amount of SiO a needed is 

if Na a O is in excessof K a O, whilst if the reverse 
is the case then the SiO a needed is 

ZulkowBki (Chem Ind 1889 22,280, 1900 23 
103, 346) and later \\ L. Bailhe (J Soc Glass 
Tech 1922, 6, TC8) also attempted to correlate 
durability with composition, working on the idea 
of the “ bajie excess " a s determining the ratios 


of complex and simple silicates present in the 
glass More recently 0 Knapp (Glashutte, 
1930, 60 364, Glastech Ber 1930, 8, 154, 
Kerarn Rundschau, 1932, 40, 659) has claimed 
that in relating properties to composition better 
results are obtained by assigning factors to 
silicates and not to oxides 
Certainly it is true that a calcium glass of the 
composition 6SiO a , CaO, Na s O shows great 
stability, and many of the commercial calcium 
containing glasses may be represented approxi 
mately by the so called tnsihcate formula, 
m which for each 3 Si 0 2 , the CaO does not fall 
below 0 3 molecule 

Whilst expenence in the past appears to have 
led to this adoption of a trisilicate formula, it 
does not follow that for modem methods of 
treatment, it gives the most suitable glass 
Peddle (J Soct Glass Tech 1920, 4, 45) recom 
mends a sodium-calcium glass of composition 
5 Si 0 2 , CaO, Na z O for maDy types of hollow 
ware Pyrex glass, on the other hand, contains 
as much as 92% of acidic oxides 
Preparation of the Batch — In modem 
plant specialising in the production of a limited 
variety of articles, such as “bottles, the various 
raw materials are stored m large, concrete bins, 
arranged in a row, and at an elevation from the 
ground sufficient to permit of a truck or waggon 
to run beneath and collect from each bin tbe 
required quantity of material for the mixture 
or batch In one system, a weighing machine 
mounted on a motor driven truck propelled 
along a track below the storage bins, carries a 
cylindrical drum By means of a series of 
indicators 6et by the management, several 
materials may be weighed separately into the 
drum, and when the required amounts have been 
obtained the drum is rotated by a second motor 
and tbe batch thoroughly mixed The mixture 
is then emptied down a grating on to a 
conveyor belt which carries it to hoppers 
suspended over the feeding end of the furnace 
Using such a system, one man can mix sufficient 
batch to maintain six large tank furnaces in 
continuous operation Some factories, par 
ticularly m the USA, have even more elaborate 
arrangements in which the batch materials flow 
on to a moving belt through orifices, controlled 
by relays operated by the belt to discharge the 
correct amount per unit time, so that the proper 
weights of each material reach the hopper dis 
charging into the mixer Great care is taken iq 
many plant to eliminate dust during mixing 
and handling In the USA there is at present 
a marked tendency to transport mixed batch to 
the furnace by monorail in hoppere holding a 
unit batch * all of which is charged into the 
furnace within a short time of mixing rather 
than to employ conveyors w ith the consequent 
risk of (a) unmrnng ’ the batch by vibration 
and (6) of segregation in discharging from the 
much larger storage hoppers used in theconreyor 
method A few factories, t g the Ford works at 
River Rouge add bonding agents such as water 
and sodium silicate to the batch and press it into 
briquettes in order to reduce dust and segre 
gation, claiming also greater ease of melting 
The considerably simpler process of using batches 
containing 1-2% moiiture in the case of sods 
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batches have to he made up. as m certain pot 
furnace works, a correspondingly small mixing 
plant is used, and may consist merely of a 
rectangular box rotating on an axis passing 
through one diagonal, or even of a simple barrel 
Hand mixing is often employed, particularly 
when extreme purity of materials must be pre 
served, as in mixing optical glass batches In 
this case the materials are weighed out into a 
wooden trough and mixed by a wooden scoop or 
shovel 

Batches for Different Types of Glass — 
The following batches will serve to indicate the 
general proportions of the various constituents 
used m making different glasses, especially 
illustrating the amounts of colouring, opacifying 
or decolonsing materials required Whilst they 
have actually been employed in practice, it does 
not follow that the batches represent the best 
possible for any particular type of operation 
The terms soda ash and potash, used below, 
correspond to anhydrous sodium carbonate 
(58% alkali) and potassium carbonate respec 
lively 

I Limb Containing Glasses 
A. Bottles. 

(1) Quid Setting Glass for Large Hand Made 
Beierage Bottles— Sand 1,000, limestone 600, 
soda ash 300, saltcake 100 

(2) For Owen's Machine — Sand 1,000, soda 
ash 360-375, limestone 175-240, dolomite 0-20 

(3) O' Weill, Lynch and other Feeder fed 
Machines 

(а) Colourless — First grade sand 1,000, felspar 
0-100, soda ash 375, hmespar 180-220, borax 
0-30, saltcake 0-7, arsemous oxide 1, powdered 
blue 0 06, selenium 0 03 

(б) Amber Coloured Class — Sand 1,000, soda 
ash 360-380, limestone 180-220, ealtcake 8, 
carbon (as coal or coke) 10, graphite 1 

B Cheap Glass for Common Pressed 
Tumblers. 

(1) Sand 1,000, soda ash 400, limespar 
180, arsemous oxide 1, selenium 0 03 Cobalt 
oxide or powder blue, q s 

(2) Medium Quality Glass Tumblers — Sand 

1,000, soda ash 300, potash 60, hmespar 100, 
baryta 100, potassium nitrate 50, manganese 
dioxide, q s 

(3) Common Light Wall Tumblers — See Batch, 
under C below 

C Electric Light Bulbs. 

Sand 1,000, felspar 270, dolomite and lime 
stone 230, soda ash 380, potassium nitrate 35, 
manganese dioxide 0 5, nickel oxide 0 02 

D Window Glass 

(1) Sand 1,000, soda ash 260, saltcake CO, 
limestone 370, coal 2-3 

(2) Sand 1,000, soda ash 350, limestone 90, 
dolomite 205, felspar 93 (Part of soda ash 
may be replaced by saltcake f 

(3) (Briquetted batch for Ford Process } Sand 

1,000, limestone 292, soda ash 315, saltcake 73, 
charcoal 6 6, waterglasa (42® B<?) 40, water 40, 
collet 225 


II Lead Containinq Glasses 
A Best Crystal Glass for Tableware 
(English Crystal). 

(1) Fontainebleau (or equal grade) sand 1,000, 
potash 330, borax 30, potassium nitrate 40, 
red lead 660, arsemous oxide 2 5, manganese 
dioxide 0 2-0 3 

(2) Semi Crystal — Fontainebleau (or equal 
grade) sand 1,000, potash 350, hmespar 140, red 
lead 100, nickel oxide 0 02 

B Electric Light Bulbs. 

Fontameble&u sand 1,000, soda ash 330, red 
lead 480, borax 90, felspar 70, sodium nitrate 50 
manganese dioxide 2 

III Chemical, General Scientific and 
Illuminating Glassware, Gauge Glasses 
A Glass Tubing for General Chemical 
Purposes — Sand (<0 04% Fe t 0 3 ) 1,000, fel 
epar 367, hmespar 220, soda, ash 448, potash 
151, magnesia 4, manganese dioxide 2 75 
B Beakers, Flasks, etc. — Sand (<0 04% 
Fe 3 O a ), 1.000, hydrated alumina 182, hmespar 
182, magnesia 15, potassium nitrate 30, soda 
ash 150, calcined borax 185 
C Gauge Glass Tubing — Sand 1,000, fel 
spar 350, magnesia 40, borax (granulated) 500, 
potash nitre 20, arsemous oxide 10 
D Ampoule Tubing. — Sand 1,000, alumina 
230, limestone 170, dolomite 30, borax (granu 
lated) 300, soda ash 125, potash mtre 30 

TV Optical Glass (see p 606) 

V Coloured Glass 
A White, Alabaster or Opal. 

(1) Alabaster — Sand 1,000, red lead 660, soda 
ash 490, Hodium nitrate 60, sodium chloride 60, 
sodium fluoride 75, calcined alumina 225, felspar 
1,200, antimony oxide 5 

(2) Oyohfe Opal — Sand 1,000, soda ash 230, 
potash 40, cryolite 100, felspar 100, fluorspar 
100, arsemous oxide 6 

(3) Bone Ash Opal — Sand 1,000, potash 300, 
soda ash 70, bone ash 300, hmespar 100 

(4) Mill White Glass for Lamp Shades — Sand 

1,000, soda ash 160, felspar 180, fluorspar 60, 
cryolite 80, tin oxide (SnO s ) 40 

B Black Glass 

Sand 1,000, potash 100, soda ash 250, lime 
spar 150, manganese dioxide 100, copper oxide 
80, cobalt oxide 40, hammer scale (Fe 3 0 4 ) 40 
C Red Glass. 

(1) Gold Ruby — Sand 1,000, red lead 440, 
potash 290, borax 200, gold chloride 036 
Sometimes bone ash, pyrolosite and iron oxide 
are added in small amounts 

(2) Copper Ruby — Sand 1,000, potash 200, 
red lead 300, cupnc oxide 3, stannous oxide 10 

(3) Selenium Ruby — Sand 1,000, potash 300 
soda ash 300, zinc oxide 200, cadmium sulphide 
15, selenium powder 10-15, borax 15 (less alkali 
than this is used in many cases) In these cases 
the rub} colour is generally developed on re- 
heating the glass at the mouth of the furnace or 
during passage down the annealing lehr 
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D. YeHov/ Glass. 

{1} Amies Tellers . — Sand 1.000, soda ash 250, 
potash 100, Iimespar 160, sulphur 15. arsenious 
oxide 5. 

(-) Orar.ce _ TeUmc. — Sand 1,000, potash 120, 
soda ash 190, Iimespar 145, potassium nitrate 
o, cranium oxide 3, selemtun 0-6, arsenious 
oxide 2-5. 

(3) Canary Tellers (Opal ).—. Sand 1,000, potash 
300, red lead 150, Iimespar 90, potassium nitrate 
50, calcium phosphate 30, borax 15, sodium sul- 
phide 7-5, Rochelle salt 7-5, cadmium sulphide 30. 

E. Green. 

(1) 7 ecetcblc Greer .. — Sand 1,000, soda ash 
360, Iimespar ISO, potassium chromate 6-5, 
hammer scale 4, arsenious oxide 4. 

(2) GeJ.HeT. Greer . — Sand 1,000, potash 100, 
sods ash 200, burnt lime 140, red lead 30, cupric 
oxide 5, uran i um oxide 12-5, arsenious oxide 5. 

(3) Arer.ivrir.e Greer .. — Sand 1,000, soda ash 
350, felspar 220, fluorspar IOO, bsnam carbonate 
ISO, potassium dichromate 120, manganese 
dioxide 60. 

F. Blue. 

(1) Hurl- B?ue. — Sand 1,000, soda ash 350, 
Iimespar 160, cohalt oxide 2. 

(2) Acucrr.cnr.e Blue . — Sand 1,000, poiasn 50, 
soda ash 250, Iimespar 16, copper ritdol 20. 

(3) Azure Blue. — Sand 1,000, potash 200, Kme- 
spar 120, cryolite 120, copper vitriol 45, smalt 5. 

Sand of high grade is desirable in most cases 
for producing coloured glasses. 

Any batch taken Sum a list such as the above 
may require adjustment to suit the article for 
which it is fo be worked and the normal tem- 
perature of the furnace. The colour also 
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depends on : (I) the freedom of the sand or other 
raw materials Sum iron oxide; (2) the presence 
of oxidising or reducing conditions; (3) the 
nature of the other constituents present. Thus, 
as previously indicated, the same colouring 
agent frequently yields somewhat different 
colours according as the glass contains lead or 
calcium, or according a s*the alkaline element is 
sodium or potassium! 

In general, closed pots axe most suitable for 
coloured glasses, although cohalt blue, iron oxide 
vegetable green and certain shades of 
amber can be made successfully in tank furnaces. 

In addition, to the raw materials stated above, 
it is usual to add a proportion of previously 
melted glass or cullet. The amount may vary 
between 20 and 50% of the weight of the. raw 
batch. Whatever amount is used it should be 
kept constant and should be added in r eas onably 
small fragments, particularly if ft is not of pre- 
cisely the same composition as the glass to he 
melted. It is good practice to pass cullet 
through a jaw crusher and, if for colourless 
glass, to remove iron by electromagnetic separa- 
I tion before mixing with the hatch."” 

The Melting of Glass. 

A. Rl"EACT02r MiXEBXiLS USED ZS 
ilisxsG Povs aud Ta^ts-Fues-ace Bloces. 
The most important- raw material is fireclay 
and the compositions of various types are given 
in Table TILL It should be noted that the 
day in any of the localities mentioned may vary 
in composition from point to point both along 
and vertically across the deposit. 

The days are hand-picked to remove im- 


Tsszs TILL — PE3C23XLGE Coirposmov (sr Asalysis) of semi Fiseclats Used is fee 

IIajxtactche of Tajse Blocks. 1 





f SiOj. 

f 


GO. 

I'.gO. 

t 

Fe,0 3 . 

Ns^O. 

fc,o. 

| 

113 

Stourbridse . 

. 


1 

{ 00~4 

27-9 

0-51 

0-40 

1-76 

0-36 

0-71 

1-06 

II-o ■ 

TTp.Tff p,t _ . „ . 



! 54-1 

27-S 

0-31 

0-4S 

2-S6 

0-41 

0-92 

1-26 

11-9 ! 




6S-S 

1S-9 

0-19 

0-41 

2-31 

0-32 

0-74 

1-14 

7-1 : 

Scotch .... 



50-1 

29-S 

0-33 

0-65 

2-SS 

0-13 

0-86 

1-34 

14-0 ; 




50-9 

40-6 

0-45 

0-21 

3-S4 

0-37 

0-6 

— 

2 

Cornwall (China clav} 



4S-3 

37-0 

0-41 

0-33 

0-71 

0-31 

0-84 

0-14 

11-9 i 

Dorsetshire (ball clay) 



51-0 

31-2 

0-54 

0-62 

1-4S 

1-62 

0-5S 

1-16 

ll-S ; 

Be! “him (Xamur) . 


* 

49-2 

32-3 

1-02 

0-41 

2-74 

1- 

52 

1-S4 

10-74 ' 

„ (Delforges) 



53-5 

28-7 

0-51 

0-19 

1-49 

1-16 

0-76 

13-62 v 




62-5 

22-1 

0-61 

0-14 

0-95 

1-04 

0-81 

11-7 : 

France (Pro vies) 
Grossalmerode . 



65 

33 

0-2-0-4 


1 -5-1-7 

- 


— 




70-4 

19-9 

0-24 

0-24 

1-SI 

0-75 

0-91 

7-3 




47-5 

34-4 

0-5 

1-0 

1-2 

— 

- 

— 

14-4 

Meissen .... 



51-7 

33-3 

0-1 

0-9 

1*5 

0-6 

— 

11-8 




72-3 

19-3 

— 

— 

1-0 

0-3 

— 

7-3 

1 Wildstern 



47-9 

35-3 

0-2 

0-1 

2*2 

1*5 

— 

11-9 

Vallendsr 



65-3 

24*2 

— 

— 

i-o 

1-2 

— 

6-S 

KKusenberg 



49-S 

S3 -6 

0*5 

— 

1-5S 

0-7 

2-0 

11-5 

America .... 



59-6 

25-7 

0-42 

0-6S 

1-31 

1-02 

1-14 

10-1 

Andsia (St. Louis) . 



4S-5 

3-5-0 

— 

0-37 

— 

0-63 

— 

9-1 

Russia (Briefer) . 



56-3 

31-0 

0 -So 

0-59 

1-19 

— 

1 

— 

8*5 

(Bobrik) 



43-1 

36-4 

0-39 

0-10 

1-14 

0-61 i 0-20 

— 

17-9 

Indian S32imanfte . 


| 

» 

32-3 

62-1 

0-63 

0-12 

1 

1-76 

! 

0-28 I 

r | 

1-91 

! 

0-9 


1 J. H. Partridge, “ Eefractory Blocks for Glass TsnE Furnaces,’' 1535- ■ Ignited sarajle. 
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pun tie g, weathered by exposure, dried, crushed, 
and ground usually to pass 1 5-2 mm aperture 
Besides the raw clay, which may he plastic or 
“ lean ” depending upon its physical and 
chemical nature, previously fired clay called 
“ grog " is used to reduce the drying shrinkage 


and to give stability during drying To produce 
a dense structure by the mixture of these a 
variety of gram sizes of grog is needed J H 
Partndge (Refractory Blocks for Tank Fur 
naces. Society of Glass Technology, Sheffield, 
p 19, 1935) quotes Table IX to show the 


Relative size 

Per cent each size needed 
B S I sieve size 
Particle size (mm } 


Table IX 

x 0 415x 0 225x 

77 5 5 1 7 

5x17 12 x 25 20 x 28 

36 15 08 


0 175x 0 115x very small 

3 3 10 114 

30x31 40x34 — 

0 63 0 41 — 


distribution of grog size to give a mixture with 
densest packing, assuming spherical particles 
Using such graded grog the shrinkage vanes 
with the amount of bond clay mixed with it, 
but the porosity of the fired mixture decreases 
up to 16-20% bond clay and then increases 
again The grog used may be porous itself if 
prepared by calcining fireclay or may he non 
porous if of silhmamte, bauxite or quartzite 
The mixture when wetted is well mixed m a pan 
mill or in a pug mill (formerly trodden by foot) 
and is sometimes subjected to vacuum to remove 
entrapped air that might spoil the dense struc 
ture desired The relative proportions of raw 
clay to grog and the size of the latter depend 
on the purpose for which the mixture is intended 
Low grog (20-35%) and fine gram is used for pot 
making and similar processes whilst tank furnace 
blocks are made with very high percentages of 
coarser grog The raw clay is usually a mixture 
of a refractory clay (base clay) and one (bind 
clay) chosen for its binding properties For 
otmaking the following has been used Stour 
ridge base clay 5, Stourbridge bind clay 4, 
grog 2, crushed old pots 1$ The amount of 
water varies with the raw clay content varying 
from about 6-22% When mixed the clay mass 
is stored to “ sour ” for periods up to 6 months 
in order to acquire uniformity and plasticity 
Pols are built up by hand from rolls of plastic 
clay, raising the walls a few inches on alternate 
days Alternatively they may he beaten up in 
plastat w/iuHa They rnav ha QiyetLOt “ clnsed. ’ 
and contain up to 30 cwt of molten glass 
Fig 11 shows different types (a) a closed or j 
covered pot is used generally for the highest 
grades of glass melted in Great Britain In 
one type, the " oval ” or “ dog house " pot, the 
distance from the mouth to the back is con 
siderably greater than between the side walls , 
(6) an open pot, used for plate glass and in many 
countries also for high quality glass, even optical 


glass , (c) a skittle pot, used in the furnace in an 
inclined position so that the workman can 
readily gather the glass , ( d ) a potette, used 
occasionally in tank furnaces where the charging 
has to be done at the sides and not at the end 



Fro 11 


of the tank, and also where the temperature at 
the working end makes the glass too fluid The 
glass from the tank flows into the potette 
through an opening near the bottom 
Tank Blockt are made by several processes as 
shown in Table X 


Table X — Methods used fob Ma^ufactube of Take Blocks 


Process 

Grog 

Baw 

Water, 

Drying 

time 

Shrinkage 

In 

making, % 

True 

volume 

porosity. 

ITand moulding, plastic 
Hand moulding, ramming 
Mechanical ramming 

Semi dry pressing 
Extrusion 

Slip casting . 

Fusion casting 

% 

50-75 

70-85 

80-95 

70-85 

60 (mm ) 
ml 

50-25 

30-15 

20-5 

30-15 

As 1 
40 (max ) 
300 

17-22 

7-10 

5-8 

7-10 

and moult 
16-20 
nil 

3- 4 months 
8-14 days 

4- 5 „ 

3 

ing, plastic 

2-3 months 

1 4 days 
(annealing) 

4-6 

3-4 

0 2-2 

2- 5 

3- 4 

10 

27-30 

27 

19-20 

13-26 

24-35 

4 
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Xu const ueting porosity, it should bo remem- 
bered that the kind of pores as mell as the total 
volume of pore space is an important factor. 
Alnllite tank-blocks cast from electricaEv fused 
mm material to give the approximate composi- 
t'Q'i 3A1.0--2Si0. have been extensive" 
used in recent years on account of their coed 
outer texture and lorn rate of solution in colour- 
less soda-lime— sdics glass. Slip cast sfinnsnite 
also is much favoured. Slllimanrte itself has 
very good corrosion -resisting properties and 
the main difficulty in converting it into cor- 
rosion-resistant articles is in firdfrg a bond 
for the grains mhich mill itself mi thstan d attack 
To make a slip the meH-rtrixed drv materials 
are added to mater in a vessel (biunger) dreed 
mith a stirrer and —hen the mass begins to 
stiffen a small amount of electrolyte in the form 
of sodium silicate and carbonate is added to 
defrocculate the clay. This gives a mass of 
pouring consistency mith a much lomer mater- 
content than could othermise be obrained. 
The mass is then poured into moulds of mood 
or plaster — hich are stripped a may after the 
mass hss set. The best amount and propor- 
tions of electrolyte must he separately deter- 
mined for each rvpe of clav mixture used. 


B. Frmttcrs. 

(s) Pot Furnaces are used for the prepara- 
tion of the finer quality glasses and in cases 
mhere a variety of compositions are handled at 
one and the same time. Using closed pots, the 
glass melting may he conducted out of contact 
mith furnace gases and by claying up the Joint 
betmeen the pot mouth and the stopper, volatile 
materials like selenium may be retained to a 
Ereater extent than in tank furnaces. From 
I to 20 or more pots holding 4-30 cmt. may be 
set in the furnace, mhlch may be direct fired 
(practically obsolete), be heated by gas from 
an inbuilt producer, or by producer gas from a 
distant generator. In a' fern cases coke-oven 
as is used for heat inn. The floor or siege " 


plan vie.., and the fame issuing from the eve 
smeeps over them, the spent gases being mith- 
dramn througn holes 17 in the pillars supporting 
tbs cromn. The spent gases then travel through 
the recuperator as indicated by the arroms, and 
pass out into the chimney fine controlled bv 
dampers IS. Great pains are taken to prevent, 
by the design and construction of the tube 
sections of mhich the recuperators are built up, 
all communication betmeen the air passages and 
those for maste furnace gases. Regenerative pot 
furnaces are favoured mhere the melting schedule 
is such that the furnace can be driven as a mbole, 

| £.c. mheu,meitmg in all pots overnight and mork- 
| ing out the glass through the day. The Same 
[ may be introduced through holes in the si ere, 

1 ruing from end to end. or thr o ugh ports in the 
| end or side malls (horseshoe or cross-game 
! firing). 

Tne pot, after being built up as already 
describee, is allomed to dry slomiy, devices being 
employed in modem plant to control the degree 
of humidity. Subsequently, the pot is stored 
i for months in a room at about 65fiF., the humidify 
being preferably controlled prior to use and 
is kept free from vibration. In preparation 
for the glass furnace it is first heated in a 
special furnace called a pot arch, in mhich the 
temperature can be raised slomiy to about 
I.IOO'C- or 1,200'C., and the moisture, combined 
mater ana carbonaceous matter, driven off. In 
America, the folloming rate of heating is con- 
sidered good practice : in 1 day, 75 C C. ; 2 days, 
120 r C. : 3 days, 371'C ; 4 days, 595~C . ; 5 days, 
SltrC . ; 6 days ,1.025~C. ; and 7 days, 1,16(FC. 
At the last-mentioned temperature the pot 
should be maintained for- 30 hours. 

The process of “ pot setting " next folloms. 
The pot is removed from the pot arch on a heavy 
iron carriage and placed carefully in position in 
one of the arches of the furnace, and the front 
of the arch closed as rapidly as possible, pre- 
ferably by fireclay blocks made to fit the arch. 
The Jib of the pot, J in Fig. 11 (a), is not rigidly 
built into the mall so erected until the pot- has 


consists of thick fireclay or sfBimani te blocks, 
and its shape mav be circ ular , oval or rectangular. 
Rising from the fioor are arches, the p illar s or 
mhich are of fireclay, smimanxie or silica bricks 
(generally sllllmamte), and the arch is of such 
dimensions as to accommodate a pot of detuute 
size. A domed roof of silics bricks called the 
“ cromn ” completes the enclosure. _ The ^under- 
structure depends or the mode o, firing adopted. 
Tn the old direct-nred and the semi-gas-fireo. 
svstem, a circular firebox is built belom the 
furnace opening into a circular hole in the siege 
r-- TT .-u the c * eve througn mhich funs passes 
m g coal fire , or round mhicn combustion o. 
gas should begin to reach an advanced stage. 
Either recuperation or regeneration is applied 
according to type of furnace. Fig. 12 shu - a 
Teisea L2 pot Terra " recuperator fu rn ace. 
The tangential burner gives good mixing or gas 
from the built-in producer and secondary air 
preheated bv passage up the recuperator 
and" produces a Same filling the furnace. 
For a 12 pot furnace the “ eye " has a diameter 
of 4 ft., and for an S pot furnace about 2 ft- 6 in. 
The pots are set in the arches as shornn in the 


been mell fired in the furnace. Othermise 
shrinkage might throm such a strain on the Jib 
as to cause a crack to develop Just belom it in 
the pot mall. The only part exposed is the neck 
or mouth of the closed pot, and into th i s neck 
or mouth a fiat slab or stopper is placed. An 
open pot stands entirely behind the furnace 
mall, being mocked through an opening in the 
latter. When in position the pot should be 
allomed to r emain empty for at least a day at as 
bicrh a temperature as possible, short of incipient 
softening, before being glazed and filled. 

(5) Tank Furnaces are used for economical 
melting of large quantities of glass ueeded for 
mass-produced articles such as bottles ana other 
containers, drama sheet, plate, mired and other 
forms of fiat glass, electric lamp bulbs ana 
cheap domestic glass made by pressing. In size 
thev may vary from a dead meight capacity of 
about 2 tons to 1,250 tons, the latter being the 
approximate capacity of one mindom glass tank 
in America. Furnaces _of from 100 to 350 tons 
deadmeight capacity are quite usuaL 

Fig. 13 a represents the ercss-section of a 
regenerative glass tank furnace. It mill be seen 
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to bo similar, generally, to an open hearth steel, 
furnace The bottom consists of fireclay blocks 
resting on nnld steel laths themselves laid on 
mild steel joists of I Bectlon supported on piers so 
that air has free access to cool tno bottom Tho 
sides usually 45 in Inch, may consist of three 
courses of fireclay, sillimnnito or fused high I 
alumina refractory (e g Corhart) 9 in or moro 


in thickness, but m order to roduco wear on tlic 
refractories which is nearly always worst at 
horizontal joints, tho top two courses may bo 
rondo ono by using blocks twco ns deep, or 
a single eourso threo times asi deep may bo 
substituted Tho crown of tho fumaco is of 
silica brick usually 12 in thick and sometimes 
! insulated It may bo composed of a numbor of 



I 10 12 — TbISKN ltEOOrERATlVE I'OT 1 URNAOL 


'yltj, •yrrnUtlon. 


1 Rullt In step Brut o producer 11 

2 Oaa tight C I fire uoor 

3 Oaa tight C I ash door with primary air regula 

tlon slide 12 

4 Cl step grate stnndar 1 with M 8 flrcplate* 13 
4<t \\ ater Inlet tul e» to ttcebar i late* 

43 Water outlet pipe from ash pan 14 

6 Oaa tight C I tloora f ir glass pocket 13 

0 Central glasa pocket 

7 Air spare heneath same presenting downward 18 

flow of glass 

8 tteeondsiy air pocket w 1th trap channels to prevent 17 

How of glass Into recuperator 18 

Tangential burner of speelally shaped brick* ID 

10 Highly refractory siege blocks 


Four recuperators of special licxngo ml tubra svlth 
horizontal waste gas nil I sortie >1 zigzagging nlr 
Passages 

Side glass pocket 

Air space beneath 12 preventing entry of glass 
Into chimney flue* 

Cooling flue* above r< cuperator arches 

Inspection channels for main Inlets of tangential 
1 urner 

Inspection stopper* In w astc gas channels beneath 
siege 

Waste gaa draw oir holes In pillars 

Chimney damper 

Ioattlon of pjroi cter tube 


dc«l block* (I ig I3n) no that tlic ahajm 
id volume of the oonbnstion space above tno 
^ln«* can l>o controlled The pas and air for com 
bustion are preheated l \ pissing through ono act 
of regenerator chamber*, say tho left hand 
pair, being controlled by the regulating tdea in 
the various uptake* on that side (up to 7 but 
usually 3-1 such) and mix in the port liefore 
issuing through the mouth of the latter to bum 


in tho furnace nbovo the gloss, whilst tho waste 
gases pas* out through the opposito port, heating 
up the right hand regenerators on their way to 
the chimney Tho extent of this premising i* 
controller! by ( i) the relalh e x eloeitics of tho gas 
and mr at reams, (b) tho angle at which they meet 
(c) the distaneo from tho port mouth to tho point 
at which the two stream* first begin to mingle 
This distance is controlled where necessary by 
















670 


GLASS 


prolonging the wall shown in a substantially 
horizontally direction to form a tongue of suitable 
length After running 15-30 minutes so that 
the right hand side regenerators become heated 
up, the direction of the flame is reversed, air 
and gas going through the right hand chambers 
whilst waste gas goes out through the left hand 
In many modem plant this reversal is controlled 
not by time but by the temperature reached in 
the regenerators The refractories of the port 
mouth above glass level are usually silica, as 
are the side walls above glass level These 
nowadays are carried by the steelwork of the 
furnace so that no load rests upon the blocks 
actually forming the bath to contain molten 
glass, enabling the latter to be rebuilt as neces 
sary without disturbing the upper structure 
In normal usage a tank for melting bottle glass 


would have a life of at least 8-10 months and 
could be rebuilt many times before the upper 
structure needed senous attention The space 
between upper and lower sidewalls is filled m by 
“ tuckstones ” The tank itself is nearly always 
divided into 2 parts by a bridge wall with a 
hole (doghole) in the middle well below glass 
level to permit passage of glass hut not of surface 
impurities Instead of this hole in the bridge 
some furnaces have a hole in the floor on each 
side of the latter joined by a “ submerged 
throat ” With some types of glass such a device 
is hard to keep open In furnaces for melting 
sheet glass the fixed bridge is generally replaced 
by floating blocks which lock into each other to 
form a floating bridge Several such may be 
used on one tank The larger portion of the tank 
called the melting end has in good practice an 




area of about 10 sq ft per ton of glass melted per 
24 hours, the ratio of width to length being fre 
quently 3 5 for medium to large furnaces The 
smaller portion or working end is the reservoir 
from which the machines draw glass properly 
homogenised and cooled to the working tempera 
ture It has at least one day s capacity The 
depth of both portions is generallj the same, 
namely 3 ft 3 into 3 ft Cm for colourless glass, 
though some working ends are made shallower 
towards the point of discharge of the glass 
Batch is charged into the furnace at a ‘ dog 
house," a kind of well built out from the end 
(sometimes m small furnaces the side) wall It 
is either tipped from barrows poured from over 
bead bins na a chute with sliding gate, or fed by 
a mechanical device In the two former cases 
piles are pushed by hand with long rakes below 
a low jack arch into the furnace, the opening 
being left sealed by a pile of batch Mechanical 


devices either push small charges forward by a 
reciprocating 1 pusher ” {“ Hazel Atlas ” type) 
or continuously feed batch forward by an 
Archimedean screw ("Amro ” type), or combine 
both motions to push forward a largo pile that 
has been fed into an enclosed extension of the 
doghouse by a screw device {“ Charlton ” type) 
The recuperation principle is also applied to 
tank furnaces, generally to small or medium 
sizes Fig 14 shows one type m general use 
(c) Electric Melting Furnaces V M 
Sauvageon (BP 18118/1009) attempted to 
melt glass by passing an electric current between 
carbon electrodes immersed in the mass The 
use of metal electrodes or metal casing for the 
carbon was suggested Later he devoted much 
work to the development of furnaces heated 
by radiation from refractory parts (eg the 
crown of the furnace) which were packed nth 
carbon granules to form resistors Later and 
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564, P Niggli, Z anorg Chem 1916,98,241, E N Bunting, Umv Illinois Expt Sta Bull 
M Amadon, Atti R Accad Lrncei 1912, 1921, No 118, H Salmang and A Becker, 
21,11, 67, 1913, 22 II, 332) hence the fluxing Glastech Ber 1927, 5, 520, 1929, 7, 241, 
effect ofsuch low melting point salts as the alkali R H Dalton J Amer Ceram Soc 1933,16 
nitrates In such a viscous medium as glass, 425) Chlorides of Na, K, Fe, Sn, oxides of 
reactions do not proceed to completion even at As, Sb, Pb, B sodium sulphate and selenium 
the melting temperature in the time usually are volatile but by no means completely re 
given For this reason equilibrium diagrams do moved The amount of As 2 O s volatilised when 
not completely indicate what occurs when a 0 2-2% is added to* a potash-lead oxide-sihca 
glass batch is heated glass is on the average 10-20% of that added 

Volatilisation —All water is not given off (W E S Turner and co workers, J Soc Glass 
in melting small amounts being retained most Tech 1927, 11, 66) C E Gould and W M 
tenaciously m the glass (exclusive of surface Hampton (Glass Ind 1930, 11, 249) give, for 
adsorption) (E W Washburn, F T Footitt and their own working conditions, the following 
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Time in mmutC3 

Fio 15 — Rate or Reaction op Batch Mextcee to oive Glass of Percentage 
Composition SIO, 75, Na,0 16, CaO 10 


figures for the volatilisation loss per 1% of the 
oxide originally present in the batch Na t O 
(added as sulphate) 0 06%, K.O (added as 
carbonate) 012%, B,O s 0 15% ZnO 0 04% 
PbO (up to 50% PbO) 0 014% The loss of 
B.O. in melting is well known When this is 
aadea as H s BO, the loss is liable to bo greater 
than when borax is used 

Progress of Reaction — For a sihea-ealemm 
carbonate-sodium carbonate mixture, G Tam 
mannandtt Oelsen (Z anorg Chem 1930 193, 
245) state that loss of CO, begins at 600® with 
a heating rate of 10® per minute, and is complete 
at 860® Up to 750—775“ the main decora ! 
position, beginning as low as 500®, is of calcium 


carbonate, after which sodium carbonate reacts 
with silica Fig 16 (from J T Howartb, 
F R R Sykes and WES Turner, J Soc 
Glass Tech 1934, 18 295) shows the behaviour 
of the batch to give the glass SIO, 75, Nfl.O 
16, CaO 10 made up (a) from 160-180 IAUI 
mesh quartz grains, similar calcite ones and 
sodium carbonate , (6) from materials of good 
commercial quality as used in pot melting Fine 
gram size increases the rate of decomposition 
The more silica present in the batch the slower 
is the rate of melting, not only because silica 
dissolves slowly m any case, but the increase in 
silica content makes the glass more viscous and 
slows up the solution rate still more Tammann 



nnd Oelsen state that the sequence of reaction in 
their mixture was as below : 


glass. 
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Tempera- i 

turc. ! 


Kcactioa. 


C0O-S30* 


720-900 

780= 

S13= 

S55= 

912= 

900= 

1 . 010 = 


^fNa.Ca(CO,), 


CaNa.(CO,),-i-2SiO. -v Na.SiO, 
i -f CaSiO. -f-2CO. ' ‘ 3 

j Na.CO.,-~SiO. N'a.SiO,— CO. 

| Eutectic Na.C0 3 ~ ‘ 

| M.p. Na.Ca(CO,). 

-M.p. NajC0 3 

I ^. aC / P3 ~" CaO wCO;(p = 700mm.) 

I Na«Ca(CO,). -v CaO-r Na „0 

4-2CO„ 

CaO-f SiO, -CaSiO, 


tlil h V ^ * ead -P<)tas.eium carbonate— silica mix- 
ture studied by the same workers the sequence 
■sras given ns : 1 


Tempera 

tore. 


I 


Iteaction. 


000= j Pb,0^ -*3Pb0d-0 
6 1 0-730=j PbO-rSiO. PbSiO, 

750= j K,CO,-bSfO,-K.SfO,-i-CO, 


At 835= the lead silicate dissolved in potassium 
carbonate although molten lead oxide did not 
mix with the latter. 

Sintering or Fritting Temperature.— 
2V Tumor and co-workers have deter- 

K te «? pe, 2i2f es at wbich natures 
whered For the*S.O,-CaO-Na.O-mixturc -3 

Slms Dd took I )!ace fn 5-10 minutes 

at 800 or at /oO in several hours, the 4SiO. 

^!fnT f nc T kn s a -? !i S btI S higher temperature 
ofwhSon ° : { ° P ‘ VC tLe EamC dc o ree 

Later Stages of Melting.— At hicher tem- 
peratures the 4SiO. mixture melted to a mass 
particles (batch free) at 1,100°, 
^Mst the 6SiO, was not quite free at 1,200°. 

e rate of melting of a batch depends on its 
composition, :.e. on the specific batch materials 
as well as on the composition of the glass which 
_ 15 r ? produce. Batches containing alumina 
are liable to produce a refractorv scum on the 
surface of the molten glass, whilst the same 
amount of alumina added as felspar is less liable 
o (muse trouble. Silica scum is sometimes found 
f e ,°1 ) °f ta nk-melted glass if the me! tine 
not very high and all the alkah 
httle d «^f aS i 60 l a , a£h ’ whereas the inclusion of a 
and the tCake t0 P rerent this. Grain size 

the meltfrgmTe! Mae present aIs ° affect 

liJif— ^.?.' n ^'~The melting of an ordinarv soda— 
hme-sflica glass results in the liberation of j 


annmTim-ifkl ^ nueranon OI propernes wnnai "J ““tr* 

mm! - , /a of tha hatch weight as ga= ences in chemical composition even when cullet 

tnu. has a marker! pfro,* — s 7~~ “ - . . • nx TV_U.I- vr tt 


Tff;- j,,, - , uaicn weignt as gas. 

a ma F ked effect on the melthig rate by 

wSdT^ht m S^ g ?f Bnmelted comtitnenfe 
IllwSr * °. tbennse segregate. The use of 
me “ £ ° me U - S ‘ A - batches bas been 

Sent Zrh CCOUQt ° f their W “volatile” 
bubbtecaM.‘ S ^o r 2 ^- the f °T ° f | 

™ seea °r boil ■’ according to j 


size when the glass has become free from batch 

wav' rc rol°b a °a thiS m u y be ff-cih’tated in two 
J - (cr) b - v Kducmg the viscosity either by in- 
creasing the temperature or by batch additions 
such as borax, salt cake, ammonium salts, e g 

H fitl °! de \ (** Fi S- 16, due to 

H Jebsen-Marwedel, which shows the velocity 
of nse of a bubble through a window-glass melt 
m relation to its size and the temperature of the 
glass) or (b) adding to the melt when most of the 
seed has been removed some volatile substance 
that creates an upward rush of large bubbles 
which collect the finer ones so that when the 
turbulence subsides the glass soon becomes seed- 
free or ' l plain.” Such agents are lump 
arsenic (As,0 3 ) or ammonium nitrate for 
best quality pot-melted glasses, a potato or 
wafer-soaked wooden block about 4x4x2 in. 
stuck on an iron rod for ordinary pot glasses 
and a common wet banana stalk for tank melted 
glasses. The work of F. Gelstharp and S. P. 
Scholes (J. Ind. Eng. Chem. 1912, 4, 16; Trans. 
Amer. Ceram. Soc. 1913, 15, 5S5), Allen and 
Eire in U.S.A. (J. Amer. Ceram. Soc. 1918, 1, 
iSi), and V . E. S. Turner and co-workers in this 
country (J. Soc. Glass Tech. 1926, 10, 3, 20; 
1927, 11, 65, 190, 205) showed that arsenious 
oxide added to the batch could not act as a re- 
fining agent by ’reason of its volatility as had 
been widely believed, because most of the 
arsenic so added remained in the glass partly as 
As,0 3 and partly as As„0 5 , their ratio being on 
the average 0-45:1 for the glass of percentage 
composition SiO. 75-8, CaO 9-6, Na,0 14°4 
whilst the loss varied irregularly between 
0-14-8% of the total added as that quantity 
varied from I— 10 parts per 1,000 sand in the 
batch (Allen and Zies found for commercial 
glasses losses of 11-33%). Turner (i.c.) found 
no evidence that arsenious oxide acted as a 
flux in soda-lime-silica glasses though it did 
for potash-lead oxide-silica glasses. When used 
with nitre in the batch, a definite increase in rate 
of refining is obtained. 

Cullet. — The proportion of waste glass or 
“ cullet ” returned for remelting varies with the 
process, and some small firms making containers 
use little else. In general the cullet used com- 
prises 25-45% of the total material melted for 
bottle manufacture, 55-60% for electric lamp 
bulbs and 50-75% for lead ciystal. Melting is 
assisted by its inclusion, but above 60% it 
appears to retard the rate of refining of soda-lime 
glasses (F. W. Hcdkm, H. W. Howes and W. E. S. 
Turner, ibid. 1929, 13, 25) although this is not the 
case with potash-lead oxide glasses (S. English, 

G. A. Green, F. W. Hod kin and W. E. S. Turner, 
ibid. 1929, 13, 37). Careful laboratory experi- 
ments have shown that provided the cullet and 
batch are mixed and melted to produce a homo- 
geneous glass there are no differences: in physical 
properties which cannot be explained by differ- 
- /-nmnosition even when cullet 


s m cneniiviii w.— - - 

was remelted nine times (V. Dimbleby, H. W. 
Howes, W. E. S. Turner and F. Winks, ibid. 1929, 
13, 304). As used in works practice, however, 
the =ize of the cullet and its chemical corn- 
portion is such that complete homogeneity 
cannot be reached during melting. This does 
lead to irregular physical properties, particularly 
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brittleness, and for this reason it is good practice j 
to crush all cullet used to a size depending on the : 
type of ware being made 

Moisture in the batch gives improved melting 
when in small amount (c 1-2% for soda ash, 
4% for saltcake or potash-lead oxide glasses) 
and seems to improve the refining of saltcake 
glasses If present to the extent of more than 
6%, the glass tends to become viscous through 
mhomogeneity 

Decolorising — All ‘colourless” glasses 
contain some iron oxide which gives them a more 
or less pronounced bluish or yellowish green 
tint if no steps are taken to counteract the effect 
If the total iron expressed as Fe 2 O a does not 
exceed approximately € 09%, jt may be masked 
by the addition of “ decolorisers ” to the 
batch These act either chemically by oxidising 


the iron largely to the feme condition, the colour 
; being then less noticeable, or physically by giving 
' to the glass a complementary tint so that, al 
though the light transmission of the glass is 
lowered and it thereby appears slightly duller, 
it has no definite colour Chemical decolorisers 
are nitrates, manganese and cerium dioxides, 
arseiuous oxide, which is always, and especially 
with nitrates m the batch, converted partly to 
arsenic oxide which can give up oxygen if neces 
sary at a late stage of the melting process to keep 
the iron oxidised, whilst among the physical 
decblonseis are manganese dioxide, nickel and 
cobalt oxides and selenium Chemical methods 
alone cannot deal with more than 0 03-0 04% 
Fe 2 Oj With higher amounts a residual tint 
remains that can only be suppressed by use of a 
physical decolonser In pot melting from best 
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quality materials very little decolonscr is 
needed, less than 0 2 parts Mn O x per 1,000 sand 
with 1-2 parts As x O s being enough for lead 
crystal glass With a potash glass, nickel oxide 
may be used, but with soda glasses a brown and 
not a pink tint is given which is more intense 
than that given by manganese, and the amount 
required is only 5 > 0 - I ft g of the MnO, If 
cerium oxide is employed, then it is claimed 
that much less physical decolonser is needed 
Nickel is preferred to manganese, where it can 
he used, since it is not so sensitive to the furnace 
atmosphere, for when reducing gases are present 
the pink tint imparted by manganese fades and 
may turn to a green which makes the colour 
worse than ever In the slight lj reducing con 
ditions that prevail in tank furnaces tho best 
decolonser is undoubtedly selenium with cobalt 
oxide to give full colour compensation Arsenic 


16 


is also added, the amounts generally employed 
per 1,000 lb Band are 0 4-0 7 oz Se, 
that amount of cobalt oxide or the equi 
valent of “ powder blue,” and 1-3 lb As s O s 
Much research on the behaviour of selenium 
has shown that it can give rise to colours from 
(a) elementary Se (pink), (6) polyselemdes 
(brown), whilst selemdes, selenitea and selenates 
gave no colour The importance of furnace 
atmosphere and of batch composition (oxidising 
or reducing constituents) was made clear by 
W HSfler (Glasteeh Ber 1934, 12, 117, also with 
A Dietzel, tfiid , p 297) It has been shown 
that carbonaceous matter in a sand may, if not 
too large in amount, actually improve the 
decolonsing action of selenium, but that too 
much produces the brown selenium coloration 
If only very slightly in excess, the use of a small 
amount of mtre will restore the balance 
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tnfication ; — In cooling down the 150- 
^00" t'il 'n ten melting and working temperatures 
and era more in standing at the lower tempera- 
tures obtaining in such parts of furnaces feeding 
antomatic machinery as feeder channels and 
sheet, drawing chambers, the glas s Is Ifa hip 

to c; de vitrify." that is crystal&e maSS 
separates mom solution. The same eSect mat 
take place at the sidewalls or on the bottom of 
the mrnace or in any place where the tempera- 
ture remains continuously lower fb*n the 
hqmdns temperature of the composition. In 
fe^er the glass components the 
earner it is for devitrification to occur. 


tf f5 ency - 0f > £ 51253 to devririfv may be 
fcertly determined experimentally bv heating a 
sm^_ specimen at a definite temperature for a 
tone long enough to permit the establishment of 
eqmhhnnm condition and then cooling quickly 
( quenching") to preserve any crystals that 
developed. This method has been 
applied with conspicuous success by the Ameri- 
ca Geophysical Laboratory investigators, 
noLably fay 6. W. Morey and eo- workers, ~to the 
drawmg np of equilibrium diagrams showing the 
stability relationship of the various crystalline 
phases that may separate from glasses. An 
alternative method of study is to heat a speci- 



Fig. 17. — EqriLiBBrm Dnc rnr j- 02 Srsmn Na.O-SiO, — CaO-SiO. — SiO.. 

(Aficr Ilorey ar.d Boirer..} 
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brmm co^drtions the boat is - removed! co 
f-h l'r " d%x>ation of anv err 
V^Z determined,^ their position in 'the 1 

Emdl^Tr^w 3 1115 61=3 06 temperst 

|f oTv L Tammami, Z. anorg. Chem. 1! 

Ponomarev, J. Soc. Glass T 

2i~fll3- p°V T 1 ' B g .Silverman, i&fd. 1 ! 
- _ Preston, imd. 1940. 24, T 101, 1 
•„ djfpt_— as presented in two 

-I (- Z pstiaily^ " either (a) freezing-p< 
->•3 o. Ji s vanous compounds, (5) isothe: 


in the various ” fields ’* or (c) boundary curves 
and tie-lines. The complete representation of 
the relationships in a three-component system 
such as Na.O— CaO — SiO. is only possible by 
a solid figure and the diagrams mentioned are 
merelv various sections of this figure. Fig. 17 
shows the boundary curves and tie lines, i.e. the 
composition of the various compounds and the 
fields containing the Iiquidcompcsirions within 
which they may exist in equilibrium, for tbe 
P 42 , 0 'SiO« — CaO-SiO, — SiO, part of the 
NalO — CaO — SiO, system, according to 
(j. Vf. Morey and fs. ll Bowen (ibid. 19 do, 9, 
£26). In this region of the system there are seven 
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compounds, namely SiO. (as quartz, tndymite 
and cnstobalite), CaO Si0 2 (in two modifi 
cations, wollastomte and pseudo wollastomte), 
Na 2 0 SiOj Na,0 2Si0, 2N a? 0 Ca0 3Si0 2 
Na 2 0 2Ca0 3SiO a and Na,0 3CaO 6Si0 2 
(devitnte) The last named is a frequent 
separation when commercial bottle glass 1 
devitrifies 

Fig 18 shows a portion of the data for the 
system K s O— CaO — SiO. according to G W 
Morey, F C Kracek and N L Bowen (tbid 


1930, 14, T162), and some properties of a number 
of important crystalline compounds that may 
occur in glasses are reproduced m the table given 
on the next page 

For further references to work on this subject, 
see the following Na 2 0 — SiO z , G W Morey 
and N L Bowen (J Phys Chem 1924, 28, 
1167), F C Kracek (tbid 1930, 34, 1583) 
K,0— SiO,, F C Kracek, N L Bowen and 
G W Morey {tbtd 1937,41,1183) CaO— SiOj 
N L Bowen J F Schairer and E Posnjak 
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(Amer J Sci 1933, 26, 193) PbO— SIO,, 
It F Gellcr A S Creamer and E N Bunting 
(J Res Nat Bur Stand 1934, 13, 237) 
L1,0 — SiO, F C Kracek (J Phys Chem 
1930, 34, 2641) Na,0— B,O s , G W Morey 

and H E Merwin (J Amer Chem Soc 
x 1036, 58 2248) PbO— B t O, R F Geller 
and E N Bunting (J Res Nat Bur Stand 
1937, 18. 685) K,0— PbO— SIO, R F 

Geller and E N Bunting (tiki 1936,17,277) j 
Na t O— MgO— CaO— SiO, 

(partial), G W Morey (J Soc Glass Tech 1936, 


20 245 , J Amer Ceram Soc 1930, 13, 714) 
Na,0— CaO— SiO,— B,0, (partial), G W 
Morey (ifttd 1932,15 457) 

Na,0— CaO— Al,O s — SIO, 

G W Morey (ibid 1930 13 718) Sheet 
Glass, E Preston (J Soc Glass Tech 1940,24, 
139) 

Morey showed that when A 1,0, replaced CaO 
in the parent glass, 

1 11 Na,0 O 95CaO eSiO, 
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it lowered the liquidus temperature from l,07o° 
to 997° at 2% Alj0 3 by weight, further additions 
raised the temperature to a maximum of 1,028° 
at 8% addition, the minimum of approximately 
1,000° was reached at 11 5% after which further 
increase in Al jO a raised the temperature The 
primary pha«e separating was tndymite up to 
2% addition, devitnte (Na t O 3CaO 6SiO t ) 
2-8%, wollastonite (/3 CaO Si0 2 ) 8-17% 

In another series where A! 2 Oj was added to the 
same parent glass instead of substituting CaO, 
a similar but not so large drop m the hquidus 
temperature was brought about by 2% addition 
Addition of 2 4% MgO to a similar parent 
glass was shown by Morey (i c ) to produce the 
striking drop of 200° m hquidus temperature, 
the separating phase becoming devitnte in 
stead of tndymite IVith larger additions the 
liquidus temperature rises again and the 
separating phase becomes diopside, 

CaO MgO 2 Si0 2 , 

which crystallises readily The effect of MgO 
and AljO. in thus lowenng the liquidns tem 
perature of soda-lime— silica glasses makes them 
useful additions to reduce the tendency of Bucb 
glasses to devitnfy The soda-magnesia-hme- 
Bihea glass used for electric lamp bulbs and the 
addition of alumina to batches for producing 
tubing bottle, optical and resistance glasses are 
examples of such practice Magnesia is rarely 
used in amount greater than 2 5-3% and the use 
of AljO s is rarely above 4-5% 

Substitution of part of Na 2 0 by K 2 0 is fre 
quently beneficial It is dangerous to make 
general statements, how ever, as a small change 
in composition may move the glass into another 
field with liquidus temperature higher rather 
than lower that of the original 

Alumina is a very import int constituent of 
opal glasses most of which may be regarded n« 
special cases of devitrification The nature of 
the opacity may be controlled to a great extent 
by the amount of Al t 0 3 present, thus, with 
none at all, fluorides may produce no opacity, 
with 4-G% a good opal and with higher amounts 
only a slight opacity Small amounts of 
chlorides and sulphates also modify the type of 
crystal separation 

E Zschmimer and A Dietzel (Sprechsaal, 
1929, 62, 506 543, 662, 684, 603, 619, 633, 657 , 
J Soc Glass Tech 1929, 13, Abs Nos 404, 
612) with co workers determined the maximum 
crystallisation velocities and temperatures at 
which this occurs for a number of ty pes of glass 
They state that for 

Na 2 0— CaO— Si0 2 

glasses the least devitrification tendency 
occurs when the som of the Na x O and CaO 
contents is approximately 26% Hfinlein 
(Z tech I’hysik 1933, 14 418) has studied the 
behaviour of the Si0 2 — CaO — Na 2 0 — K t O 
glasses For lead oxide glasses with constant 
PbO the effect of variations in SI0 2 and KjO 
is shown by \\ Hirsch (Glastech Ber 1932, 10 
625) in the following table (tee also It Gcppcrt ' 
and A Dietzel, Sprechsaal, 1934, 67, 591) 


K s O 

PbO 

SOj 

Tempera 

tureof 

maximum 

crystah 

sation 

velocity 

Tempera 
tureat 
which 
: glass and 
crystal in 

i Maximum 

crystal! sation 

velocity 
(V max ) 

6 0S 

3314 

60 42 

°C 

1 370 

°C 

l,40a±5 

79 5 u/mln 

& 07 

33 07 

58 60 

1 200 

1 325 


10 16 

33 04 

56 63 

1 OoO 

1 225 

3 51 , 

12 16 

33 04 

54 55 

6o0 

1050 

6 0 ix/hour 

14 03 

33 00 

52 62 

700 

860 



The Manufacture of Different Types 
of Glassware 

The manipulation of glass and its formation 
into articles of glassware can be carried out 
entirely by hand, but machinery has almost 
entirety displaced band labour in tbe maim 
facture of the common types of glassware 
capable of being produced in bulk to a 
standard pattern In practically all cases tbe 
molten glass in the furnace is taken and shaped 
straightway into, the articles required Two 
exceptional cases are (1) the manufacture 
of better class optical glass lenses and prisms, 
where the pot of glass is allowed to cool down 
slowjy and the cold pieces of glass form the basis 
of further working , (2) the lampworhing or 
bench -glass blowing industry, the raw material 
for which consists of glass tubing or rod pre 
uously made at the furnace 
Manipulation by Hand — The processes and 
tools used are numerous , two or three of them 
are common to almost every operation, some 
others are also of very general use Thus, 
gathering glass on a blowpipe and marvenng it 
or shaping it m a shaping block, are the usual 
initial stages in making any glass object 
Fig 19 depicts several of the more essential 
tools such as the tongs, shears callipers, and 
flattening boards The blowpipe is an iron tube 
about 4 ft b in long and g-1 in external 
diameter has a rounded end for mouth piece 
and a thickened nose,” usually slightly 
trumpet shaped, on the end of which glass is 
gathered bv dipping into and rotating in the 
molten glass The mart er is a polished iron plate 
on which the gathered mass is rolled on the end 
of the blowpipe until it attains a cyhndncal 
form, called the parison, either hollow or solid, 
the hollow form being obtained by blowing down 
the pipe The ghssmaker s chair seen in Fig 22 
has projecting arms on which the blowpipe is 
rolled backwards and forwards in order that 
the spinning or rotating shall preserve the 
rounded outline of the vessel At this chair sits 
the master workman, or ghssmaker, who 
finishes tho article by means of various tools 
in conjunction with rotation of the pipe 
The various types of hand operation may be 
classified a3 (1) freo hand work, involving 
gathering, m&rvenng, blowing and drawing as 
w making glass tubing, (2) turned work, or 
chair work, involving, possibly , all the preceding 
processes together with the use of tools, (3) 
mould blown work, in which tho marvered 
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maker then finally rotates the cylinder on the hare also been tried The mo ilds of wood and 
arms of the chair and b\ means of tonga rounds carbon produce the best finish whilst the iron 
of! the lip The second process of finishing is moulds are less satisfactory from this point of 
described under Edge Melting and Cracking view although their durability causes them to be 
off Machines in the section dealing with cold used m the majority of case3 Where exceed 
working processes (p 602) ingly good finish and high wear resistance is 

The manipulation of gla«s on the pipe is f irther needed nickel chrome steels hare given ven 
illustrated by Figs 21 and °2 good results eg for \ ress i molds Metal 

in the case of mould blown 0 It lare the moulds may be used dry or i m bo covered inti 

gathering of glass after being mattered and some form of lubricant u<mlh a paste in 

formed into the panson is llown o it into a winch case the moulds are referred to as paste 

mould corresponding to the external size of the moulds The paste is frequently a mixture of 
article required The moulds may be of wood, finely divided carbon such as lamp black or ml 
carbon brass or iron Moul Is of special allovs lead and well boded linseed oil but other forms 



of paste are in use The paste must be third) are used accordin 0 to tl e thickness of the neck 
and uniformly spread and the moulds after In heavy bottles with a thickened neck the 
each blowing operation are d pped into water to latter is made at the furnace by the bottle 
cool them and prevent the paste being burned maker who adds an add tional ribbon to the 
away too rapidly Electric lamp bulbs chim neck where it has been broken off from the p pc 
ieys blown tumblers beakers and flasks are and then bj rotating the bottle at the char 
blown in paste moulds and insert ng a neck form ng tool tl e i eck is 

Hand made bottles are almost invariably given its final shape In 1 ghter made bottles 
blown m dry moulds The process involves si cl as those used for medicines tie end which 
gathering at the end of the pipe marrenng into I as been I irst off from the blowing iron is 
the panson which usually has a somewhat softene 1 in a small subsidiary furnace known 
smaller d ametcr at the end adjacent to the as a gloiy hole us mil) heated b\ town gas or 
1 ipo than at the free end s ringing sligl tl$ to o I an 1 the neck is formed I } press ng back 
cause elongation and then blowing out into tie the softened port on of the glass by means of 
mould Two methods of finishing the !>ottIe the neck f rraing tool \ ery few bottles are 



R ?Xf and f 3d :% tfce P-T“? h; :in ? aImost r da«s are made bv band. Flasks and b-akers are 
replaced by mechanical methods. bio™ in paste monI4=. Fig. 23 dio “florid 

Chemical, Scienfi.ic and Heat-Resisting- for a flask, and Tig. 24 the initial form of a 
G assware.— Almo-‘ all types of th ; s parti-mlar beaker, the shoulder is cut oft hy the second 
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Fig. 22 . — Havd Woeelvg. 


pri' -es.- des'-nb'-d ra connection rich the to a holder hdd hy another operator. When the 
tumbler (p. 602 ). and the edges are heated and union is firm, the a*si=tant with the holder 
farmed and a Irt> added wb°re dedred. i walks backwards along a wooden track crossed 

Gi ass Tubing is drawn bv hand bv fir=t hy =trip= of wood, pulling ont the glass tubing 

a- he walks, the chief gins- blower at the same 


r i 



Fig. 23 


Fig. 24 . 


marveling a thick hollow cy lin der of glass, built - tune turning his blowpipe to and fro and 
up by several gatherings, and then lowering this | occasionally blowing down it to prevent the 
cylinder in a vertical position until its bam , wall- of the glass from collapsing Th^- tubrng 
unites with a disc of hot and m>ftgls~. attached is laid on th“ wooden strip- and after c-oohng 
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cnt into lengths. Mo £ t tubing is now made by 
automatic machinery described later 

Glassmaking Machines 
The following general types may be <1 l 
tmguished according to the type of glas3 and 
the process involved. 

COVTALSES AJiD DOMESTIC AVaEE. 

(1) Pressing Machines, prodncing dishes, 
jars, plates, lenses, bowls, common heavy 


tumblers b\ the pressure of a plunger on glass 
contained m a mould of suitable design. \\ h®re 
the article must be of precise dimensions it i» 
curtomary to provide an overflow portion or 
“ font " to accommodate exces3 glass and fre 
quentlv the pressure is exerted br the plunger 
acting on the glass in this font portion Fig 23 
shows a simple type of pre«« The table and 
plunger rod nit be rigid enough to rend 
deformation, and, parhcularlv m automatic 
working, adequate cooling should be provided. 
This is usually effected by air blast on the 
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moulds and water cooling inside the press 
plunger 

(2) Blowing Machines which can be sub 
divided again according to the waj in which thev 
carrj out the two distinct stages of formation 
through which practically all hollow ware pas'e* 
namely formation of thepanson and blowing the 
panson to the final shape Panson formation 
mav be cam»d out by pressing blowing or 
suction, whereas in ncarij all ca'es, final shaping 
is accomplished bv blowing, though one type of 


Roirant Machine uses suction for this purpose 
Consequently, the machines are known as 

(a) JVfrM and Blow 3lach\nc&, used to make 
wide mouth ware, such as jam and pickle jar* 
milk bottles of certain type* Miller, Mitchell 
and the Hartford Milk Bottl* machines are 
examples of this tvp'* worked in conjunction 
with feeding devices 

(!>) Blow and Blow Marhtnz*, to which belong 
the narrow neck container forming machine* 
that are charged by gravity feeders In this 
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small high class containers such as scent and 
pharmaceutical bottles but is by no means 
confined to such work 

(c) Sucl and Blow Machines form the panson 
by suction, and as the mould cavity is filled 
with glass this method gives close control of the 
amount gathered and hence produces ware of 
constant capacity Since the moulds actually 
touch the molten glass in gathering, tempera 
lure conditions are severe and moulds need fre 
quent cleaning and repair As the mould is 
raised from the glass a knife cuts off the tail of 
excess glass and throws it back into the fore 
hearth The knife rests below the gathering 
onfice for a short time until just before the mould 
opens and then frequently a slight puff of air is 
blown around the neck plug to form a starting 


cavity for the final blowing This also has the 
effect of expelling a little hot glass through the 
gathering onfice to reheat the chilled portion 
that his been in contact with the knife The 
panson is then transferred to the blow, mould 
and blown to the finished shape 
The first of sucli machines to work successfully 
was the 6 arm type constructed by Michael J 
Owens, an Irishman m America, and 10 and 
even 15 arm machines were later developed 
Fig 27 shows a 15 arm Owens machine and 
Fig 28 is a diagrammatic view of one umt or 
arm of the machine A revolving pot. Fig 29, 
8-10 ft diameter and only a few inches deep fed 
by a stream of glass from the main melting 
furnace serv es as the pool from winch the suction 
moulds gather, thus ensuring that each successive 



mould gathers fresh thernnlly-hoinogeneoits 
glass and that each sheared tail cut off by the 
knife is reheated nml blended with the glass in 
the |>ot before another gather is taken from that 
particular spot This pot needs a spco il housing 
nml heating burners and is a decidedly expensive 
device to run consequently later inventors 
devised alternatives in the form of stationary 
foreliearths built on to the sides of the working 
ends of the furnaces The»o in general are not 
so satisfactory but with care can be used success 
fully The later suction machines too are 
smaller than the Owens which had such a large 
production ns to make it unsuitable for the 
execution of small orders (using triple moulds, 
more than 200 small bottles a minute can be 
made) Thus the O Neill suction machine 
(fig 30) is u twin table machine having 3 4 


or G sets of moulds the Monish Fig 31 has 3 
sets and the Roirant only one set, though a later 
typo of Roirant has six seta The single Roirant 
machine actually sends its suction mould C into 
the furnace to gather the glass (I ig 12) \\ ith 

these smaller machines a much moro varied out 
put may be produced since several can be 
operated from one furnace, each making a 
different class of ware A more constant load 
may also be kept on the furnace with such an 
arrangement 

The suction machuies so far mentioned are 
used for making container glassware, but a 
similar principle is used in thosoof the West 
lake type (BP 26222, 26225/21, 397425) 
(Westlake Ivanhoc, Ohio) making electric lamp 
bulb cylindrical thermos flask and tumbler 
blanks A ram is reciprocated m and out of 
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a “ gathering boot ” built on to a tank furnace, blow up the masses to form a parison and turning 
and gathers two or more charges of glass in through ISO 0 to allow these to elongate stiffi 
small suction moulds These it drops on to up Ciently by the time the blow moulds close around 
turned blowpipes where they are secured by them for the final blowing to shape Paste 
hinged clamps which engage flanges on the glass moulds are used for these machines, and during 
and the blowpipes, rotating, go through the the idle part of their cycle they are dipped in 
motions of a glass blower giving puffs of air to water or suds A more recent development of 
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Mitchell machines do this, whilst the Roirant, 
Westlake and Ohio machines gather from a boot 
inside the furnace or from the furnace itself. 

(3) Drawing Machines are used to produce 
•window glass on the one hand and tubing or rod 
on the other. 

(a) Tube Drawing . — The first and most widely 
used process is that of E. Danner (B.P. 110642. 
111521 both of 29 November. 1916: U.S.P. 
121S59S, 1219709. 1220201 (all of 1917). In 
this, glass melted either in a tank or pot furnace 
is transferred to a special pot 1, Fig. 35, provided 
with a discharge spout feeding glass into a trough 
3. the glass level in which is kept constant by 
means of an indicating device 4, 5, 6. The 
trough is divided into three compartments by 
bridges which hold back surface impurities from 
the glass passing through, the flow is controlled 
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by the gate S and the glass escapes over a lip 9 on 
to the mandrel in the form of a ribbon. The man- 
drel comprises a tube 11 of nickel-chrome alloy 
on which is mounted a sleeve 13 of refractory 
material provided with a nichrome nose 14. 
The mandrel is housed in a muffle heated by a 
gas burner to a controlled temperature and 
is rotated by gearing so that the stream of 
glass from the trough is wrapped round it and 
the inclination of the mandrel (12-1S 0 ) causes 
the glass to flow down to the tip from which it 
is drawn off as tube or rod (“ cane ’’). In the 
former case air under pressure is supplied to the 
other end of the mandrel and the size and wall 
thickness produced depend on the amount of 
glass fed per unit time, the air pressure and the 
rate of drawing. Between the mandrel and the 
drawing machine is a tube run of 100-180 ft. 


DINNER FURNACE LAYOUT 
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JFig. 35. — Danstep. Tpbe-Deawtn'G Machete. 


consisting of a series of grooved pulleys, some- 
times asbestos lined, spaced very closely near 
the mandrel and about 30 in. apart near the 
drawing machine. Part of this may be covered 
to control the rate of cooling in the critical region. 
The drawing machine consists of two caterpillar 
endless belts faced with asbestos, between which 
the tube or rod is fed. The top belt is'adjustable 
to take various sizes of product and is spring 
loaded to give a grip on the work. The rate of 
pull can be varied from 16 to 900 ft. per minute. 
At hish speeds the work is cut into 4-5 ft. 
lengths bv a revolving vane arrangement which 
just breaks each length roughly, but for larger 
work the cut is made truly by wet carborundum 
stones, travelling at the same speed as the tube 
and acting in conjunction with a device to apply 
a breaking moment. The cut lengths are then 
fed to a canning macliine which moves them 


one at a time over a series of gaps, increasing in 
size until the glass falls through one of them. 
The production of the Danner machine is indi- 
cated in Table XI. 

In contrast with this side-drawing process 
there is the W. J. Woods (B.P. 354509 ; U.S.P. 
1S29429) process of vertical drawing which has 
been applied to the production of thermometer 
tubing with a white stripe backing the bore. 
Glass °from the main supply 26, Fig. 36, con- 
trolled by the -gate 32 is drawn up from the 
nozzle 30 supplied with air under pressure by 
pipe 31, 39 and the white enamel for the stripe 
is introduced from container 34 by nozzle 35 at 
a point which can be controlled by adjustment 
of the position of the container 34. L. Sanchez- 
Yello, B.P. 349315, has a process in which 
the tube starts vertically downwards (Fig. 3/) 
from an annular orifice between an aperture 
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Table XI — Production, etc, of Tube and Rod on Danner Machine 1 




Wall 
(mm ) 

Bate of 

Un 

% of 

Blowing 

Temperatures, ®C 



drawing 
ft per nun 

gauged 
lb /min 

product 
to size 

pressure 
in W G 

Pot 

Ribbon 

Muffle 

30% PbO 

3 25-3 75 

Rod 

280-300 

55 

70 

nil 

1.0S0 

1,040 

900 

glass 

2-2 5 

0 4-0 5 

820-840 

6 

70 

0 01 

1,100 

1,070 

800 

45-55 

0 7-0 85 

300-320 

6 25 

75 

01 

1,100 

1,075 

SG0 


6 5-7 5 

0 9-11 

180-200 

65 

80 

06 

1,110 

1,090 

950 


10 5-12 

3 80-1 02 

120-130 

75 

85 

1 2 

1,110 

1,090 

950 


L7 5-19 5 

1 5-1 75 

44-48 

75 

90 

1 6 

1,110 

1,095 

900 


24-26 

06-07 

68-72 

70 

90 

70 

1,140 

1,120 

960 


40-45 

10-125 

22-23 

75 

95 

180 

1,140 

1,125 

990 

Lampwork 

5-6 

0 75-1 0 

165 

35 

95 

02 

1,120 

1,080 

1,000 

mg glass 

11-12 

1-125 

50 

3 75 

95 

05 

1,120 

1,0S0 

1,000 

(18 5% 

26-28 

1-1 25 

30 

5 

80 

6 7 

1,110 

1,070 

1,000 

Na s O) 

*11-33 

1-125 

33 

G 

SO 

57 

1,110 

1,070 

950 

Mercury Re 

7-8 

0 8-1 0 

110 

35 

95 

0 02 

1,110 

1.0S0 

990 


14-16 

1-1 25 

45 

3 75 

95 

06 

1,120 

l.OSO 

I 000 

lime glass 

20-22 

1-1 25 

38 

45 

95 

1 5 

1,120 

1,080 

1,000 

37-39 

1-125 

20 

55 

70 

83 

1,110 

1,085 

980 

Yellow opales 

9-10 

1-1 25 

80 

35 

95 

04 

1,180 

1,110 

1,040 

cent tubing 
glass 

19-21 

1-1 25 

30 

4 25 

85 

1 07 

1,180 

1,110 

1,040 
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in a forehearth bottom and a rotating hollow 
mandrel with a flared end over which the 
glass stream flows The tube is actually drawn 
off by a side pulling device located some dis 
tance from the forehearth and special means 
are provided for altering that distance to suit 
the drawing After cutting into lengths the 
latter are delivered on to a conveyor band feed 
ing on to an inclined plane so that the tube is 



Fia 36 — Making Striped Thermometer 
Tubinq by IV J Wood's Process 


kept gently rolling until cool enough to put into 

All the abo\c arc continuous processes, but 
there are discontinuous ones in w hich preformed 
annular glass blanks are threaded one after the 
other on a mandrel located in a furnace so that 
the\ soften and fuse together to form a thick 
inlled tube which is drawn off to suitable size 
* the lower end of the mandrel Such a pro 
cess is patented bj P. Plum and P A fas re 
(BP 300GI6, GOtbOt) The ad\ antage is that 
the bkanka ma\ be made at anj time and stored. 


and that quick changes of glass type can be 
made Usually, however, to economise heat 
the blanks are taken straight from the press to 
be threaded on the mandrel whilst hot 
(6) Window Glass Drawing — The processes 
fall into the following classes 
(i) 1 ertical Drautng as in the Fourcault and 
Pittsburgh processes In that due to E 
I'ourcault (BP 28790, 1903, FP 338146, 
1904, GP 161279, 178579, 178580, 182829, 
185839 and many later), first operated m 1914 
at Dampremy, a debiteuse, Figs 38 and 39, con 
sisting of a shallow fireclay boat with a slit 
running along the bottom is held submerged in 
the glass in the drawing chamber A, Iig 40, fed 
with glass which in its passage from the melting 
end of the furnace has been skimmed free of sur 
face impurities by the floating bridges shown 
stretching across from either side A thin ribbon 
of glass is thus evtruded from the slit and this is 
caused to freeze round a “ bait ’ consisting of a 
metal bar studded with nails and carried by a 
wire screen which is drawn by the asbestos 
covered rolls until the glass sheet itself can be 
engaged by the latter and used to provide the 
grip The rolls do little more than remove the 
glass ribbon as it is formed, and this in con 
junction With the debiteuse overcomes the 
tendency of surface tension to cause a narrowing 
of the sheet leading to failure It was this difli 
eulty which prev ented much earlier processes of 
an Fnghshman, II Clarke in 1857 (B P 489, 
18V7) and of Parish and 1 rank in 1881 and 1883 
from being successful!} operated Cooling 
“ canisters ” of metal through which fluid is 
circulated are disposed on either side of the sheet 
immediate!} above the floor of the debiteuse so 
that the glass temperature is brought down from 
1,OIO°C in the drawing chamber to about 650® 




Fig. 37. — Dowbwabd Dbawtxg of Tubesg 
er L. S.-Yeelo Peocess. 

dropped to a boat 125 c . Shortly afterwards the 
- ribbon of glass emerges on to the top floor of the 
building, where it is cut into sheets and taken to 
store after immersion in a dilate acid tank to 
remove surface alkali. To give relief against 
crushing pressure in the event of irregularities 
in the sheet, one of each pair of rolls is carried 
on a bell crank lever with a loading weight 
capable of adjusting the pressure at which the 
roll lifts away from the sheet. These levers 
may be seen at- the right of Fig. 39 whilst the 
motor drive to the other members of each pair 


| DEB1TEUSE 

Fig. 38. — Veetical Deawes'g of Webdow 
Glass bt Focecaetlt abd Pittsbeeg 
Pbocesses. 

to obtain “ sweet ” working conditions the glass 
was m 2 de with a high alkali content, but this 
has not been the case for many years and 
modem compositions ran around Si O,, 72-/3, 
A!„0 3 and Fe,0 3 0-5, CaO 9-5 -IO-d, MgO 
I '5— 3, Na.O 13*5— 15/ 0 . 

The Pittsburgh Plate Glass Co.’s process 
(H. Slinslufi, US'.P. 15567 26, 13.10.25) is very 
similar, but difiers principally in that instead 
of the debiteuse a ” drawbar ” of refractory 
material is located a little below glass level to 
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define the line of draw of the Bheet Various 
coolers of U form and other shapes are used to 
chill the edges as they leave the glass surface 
The glass composition is similar to Tour caul t 
glass, hut the A\ 2 0 3 is often about 1 6% 
Production is approximately 100 ft per hour 
for single strength (2 mm ) the width of the 
sheet being 75 in though l H) m nml more is 
drawn nowada 38 

(u) Horizontal Drawing is carried out in the 



Colburn or labbey Owens process (UJSP 
8G0528, October 12, 1903) put into operation in 
1018 In this the sheet is still taken vorticall} 
from the glass in the drawing tank but it is then 
l>ent over a roller and drawn horizontally The 
sheet is gripped by pairs of w ater cooled knurled 
rolls K, tig 41, engaging the edges, being dmrn 
at 60-25% of the drawing velocity so that a 
stronger tension exists m the sheet above than 
below them, and the usual water coolers \\ 
are employed on either side of the sheet to eon 


trol the temperature The draw is made from 
gloss at about 900° in a forehearth 16 cm deep 
divided by a bridge from the main furnace and 
capable of being heated or cooled from below 
Elaborate refractory tiles serve to eliminate 
draughts above the drawing region The sheet 
is bent over a highly polished, air cooled 
mchromo roller 16 cm diameter at R about 
63 cm above glass level after being softened 
slightly by the burner B Traction 13 provided 
by the two caterpillar belts T faced with asbestos 
pads and the sheet passed on down a 200 ft 
lehr for annealing Drawing speed vanes from 
25 to 100 m per minute for thicknesses of 
in , a sheet of 1 75 metres being a common 
width Each melting furnace supplies one or, 
at the most, two machines, and as in the case 
of the other processes very large furnaces are 
employed in order to obtain glass sufficiently 
homogeneous by the time it reaches the drawing 
chambers, a single machine furnace holding 
about 400 tons of glass 

(4) Rolling Processes — Lucas de Nehou 
in 1088 developed a process of casting glass 
from a crucible or pot on to a metal table and 
flattening the mass to a sheet by iheans of a 
idler As developed later the process employed 
mainly oval section pots of 20-30 cu ft capacity 
set in pairs in the arches of each long side of a re 
generative furnace With soda ash batch 25-40 
melts per pot were obtained against only 16-25 
with saltcake batch The batch was charged 
into the pots m 3 portions of 15, 25 and 2-8 
scoop fulls at intervals of 6 and about 4 hours 
respectively, each filling being allowed to melt 
completely before adding another (E Lutz, Glass 
Ind 1930, 11, 227 ef seq ) The pots were re 
mo\ed by crano or by hand tongs and carried 
to the casting table approximately 394 X 217 in , 
built up of sections bolted together and there 
tipped on to its surface Organic dust was 
carefully excluded and either sand or glass 
grains were scattered on the metal surface to 
prevent chilling of the glass The uso of water 
cooled tables and heavy rolls enabled the uni 
fortuity of thickness of the sheets to he reduced 
from 0 020-0 550 in to 0 395-0 435 in (to 
produce 0 25 in plate when ground and polished) 
The rolls used had a diameter of 23-26 in and 
length of 16 5-18 ft , weighing 20,006-23,000 lb 
Ribbing the roll to a depth of 0 03 in reduced 
the waviness of the sheet, winch was rolled with 
a velocity of 75 ft per second by drawing the 
roll over tho casting table by means of wire ro|H> 
wound round a drum on the roll axle The 
rolled sheet was lifted by “ stowing tools 
having thin fingers to pass between sheet and 
table and was earned to a lehr (‘Stracou') 
consisting of several chambers through which 
the sheet yi as moved step by step on a flat sup 
port as it cooled dow n through the critical range 
before being sent down a lehr to cool In spite 
of improvements this method could not compete 
with tho modem drawing processes and it lias 
been displaced by the Bicheroux and 1 ord 
methods ( q v ) 

Figured Glass — The original Mason and Con 
queror patent (Bl* 13119, 1884) was developer! 
lj Chance Bros nnd i i Chance (BP 785 1 , 
1800) to make figured gla<i3 A mass of molten 



Glass 


The Ford Process is a continuous one in which, 
glass flows from a furnace 36 ft long X 20 ft 
wide x 5 ft deep, Tig 43, down a 14 in wide 
spout controlled by gates to the pass between 
water cooled rollers of 9 in and 48 in diameter, 
the lower one driven at about 40 in surface speed 



a 


Fra 


emerging The time to traverse the lehr isi 
2 hours 20 minutes The unit has a capacity 
of 16,000 sq ft per day In Britain the process 
has been developed by P ilkin gton Bros , Ltd , 
to make very much wider sheets 



Drawing Processes — Glass Threads and 
B ool — This is made by three types of process 
(a) Drawing by revolving drums either from rods 
softened by blowpipe flames or from drawplatea 
provided with a number of orifices located in the 


per minute A sheet 40 in wide suitable for 
motor car screens is produced as a ribbon which 
passes straight into tho lehr 440 ft long In 
the first section the temperature is 593°C, 
dropping by 28° per section to 343°, after which 
the sheet cools to room temperatnre 'before 



bottom or sides of a small furnace melting cullet 
or glass previously prepared in the form of 
marbles to facilitate constant feeding in of 
material Threads of mean diameter 0 02-0 03 
mm are commonly produced Several fibres 
may be spun on to one drum to form a thick 
layer which is then cut longitudinally to form a 
mattress or blanket for insulating purposes when 
opened out and stitched or sprayed with ad 
hesive (6) Dropping thin streams of molten 
glass on to a disc revolving at high speed so 
that threads are thrown off bv centrifugal force 
(0 Entraining thin streams of molten glass by 
high pressure jets of steam or air so that the 
mass is attenuated to fibre dimensions (U S P. 
2133235, 2133236, 2133238) The last named 
process gives the finest fibres (0 01 mm ) and is 
used by the Owens Coming Fibcrglas Corpora 
tion of U S A The product has been made into 
jam by combing and spinning and woicn by 
ordinaiy tevtile processes to produce cloth and 
tape that has many uses in the chemical, fire 
preventing and electrical and heat insulating 
industries Production is stated by L von Reis 
to be, in kg per hour, 0 5-1 0 for the rod, 1 O- 
1 5 for the orifice, 10-60 for the centrifugal and 
100^500 for the blast process 
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Soda-lime-Bikca glasses anneal in the range 
540-610°, and resistant chemical ware glass 
may need as high as 630°. 

The effect of various oxides on the annealing 
temperature was studied by Turner and co 
workers -and by G Gehlhoff and M Thomas 
(Z tech Physik, 1925, 6, 333) Oxides of Na, 
K and Pb progressively reduce it when substi 
tuted in the parent glass SiO a 82, Na a O (K 2 0) 
18%, to replace Si0 2 , CaO, MgO and ZnO 
and Al s O s increase it, BaO and Fe 2 0 3 have 
little effect at first and in large amount reduce it , 
whilst B 2 O a increases it up to about 20% B 2 O a , 
after which further additions cause a decrease 
Strain is detected in glassware by inspection 
in polarised light Modem instruments give a 
large though slightly non uniform field hut per 
mit easy manipulation of the ware inspected 
The incident light is nearly always polarised by 
reflection from a black glass plate and in one 
type the second polarisation is similarly earned 
out, though usually a Nicol prism eyepiece is 
used for this purpose Recently the material 
“ Polaroid ” has been used to replace the Nicol 
To render the birefringence effect more easily 
visible a sensitive tint plate (mica or selenite) is 
employed 

Lehrs — The actual annealing process is 
carried out either in a kiln (now only used for 
very heavy articles such as blocks of optical 
glass or pavement lights) or a lehr In the first 
of these the ware is stacked in trays packed with 
sand and insulating material and the whole is 
heated up and then cooled slowly Lehrs are 
now usually of muffle type though a number of 
open fired ones exist They consist of a tunnel 
60-75 ft long and 3-8 ft wide for ordinary work 
(but maybe 300 ft long or more for window glass) 
down which j-uns on a track a string of iron pans, 
or a continuous belt Modem practice favours a 
wire mesh belt because of its small heat capacity, 
since jt returns outside the lehr and must be 
heated up again Belt speeds run between 20 
and 70 ft per hour and can be varied to suit the 
ware The fuel consumption has been much 
reduced by careful insulation of the refractory 
lining of the first part of the tunnel where the 
ware is kept hot enough to relieve strain, there 
after the temperature is allowed to fall along the 
lehr at a rate that does not cause remtroduction 
of strain to any serious extent If the input 
is sufficient the ware may take in enough heat 
to anneal itself without any external supply, 
but usually either gas, oil or electrical heating is 
provided Electric lehrs have the advantage of 
excellent control and low maintenance costs 
The insulation is reduced down the lehr in steps 
and at the cool end air is drawn in by a fan 
Similarly hot gases can also be drawn m from 
the inlet end to keep up the temperature further 
down the lehr A refinement, not yet general 
practice, is the use of a separate narrow lehr to 
take the production from each individual 
machine so that the annealing schedule may 
exactly suit the article made Fig 44 shows 
diagrammaticaDy a modem type of lehr 

Hardening of Glass. 

This may be earned out either by the process 
of De la Bastie or by that of Siemens In the 


former, discovered in 1873, the glass article, 
while still red hot, is quenched in a hath of oil 
or fat, the actual temperature of both glass and 
the bath, that is, the quenching range, depending 
both on the composition and thickness of the 
glass Sodium-calcium glasses can withstand a 
greater quenching range than the lead glasses 
The process results in the sudden chilling of the 
outer before the inner layers, so that the surface 
layers undergo greater shrinkage, causing them 
to be subjected to compression, whilst the inner 
layers, on the other hand, are in tension Glass 
in this condition becomes less brittle, is more 
elastic, and capable of withstanding mechanical 
shock and sudden change of temperature, but 
if the surface is once broken the whole mass 
shatters 

In Siemens’ process, the temperature of 
pressed glass articles is rapidly but uniformly 
reduced in special moulds, or between metallic 
or clay plates maintained at a suitable tempera 
ture Pavement lights treated in this manner 
resist cutting by a diamond (See “ Toughened 
Glass,” p 608 ) 

Compound Glass, the basis of the“Durox" 
water gauge tubes, was developed by Schott to 
give the same resistance to shock and change 
of temperature as hardened glass A gather- 
ing of glass 1G 111 is made over 59 m and the 
cylinder drawn into tubing The former has 
the larger thermal expansion (and contraction), 
so that on coohng the outer layer is under com 
pression and the inner under tension When 
the tubing is heated up both compression and 
tension become relaxed Glass 59 m which 
forms the inner layer is also very resistant to 
the action of water and steam 

Cold Working or Glass 

Processes applied to glass after fabrication in 
the plastic condition and subsequent annealing 
are grinding and polishing, cutting and en 
graving, etching, painting or other form of 
decoration such as silvering 

Grinding and Polishing is earned out on 
plate glass after rolling by the following 
methods 

Discontinuous — In the old method circular 
tables 24-36 ft ui diameter weighing 75-80 tons 
were mounted on rails to move between the 
grinding and polishing stations and at each end 
were registered over, and fastened to, driving 
shafts which revolved them from below (Fig 45) 
Their speed was 20-28 rpm taking up to 500 
h p for gnnding, and 13-22 rpm taking up to 
700 h p for polishing, w hils t tools charged with 
abrasive or polishing material (rouge) rotated 
eccentncally in contact with the glass The 
grinding with sand and three grades of emery 
took 1-1 j honrs per side and the polishing 1—14 
hours 

Semt Continuous — The circular table was 
awkward to fill economically with rectangular 
fragments, and with the introduction of the mote 
rapid methods of raw plate production a straight 
line track system of gnnding and polishing was 
followed, in which the sheets were laid upon 
cloth on fiat cars and were bedded with plaster 
to fill the joints The ears are then sent down 
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the very carefully levelled track below a series 1 
of grinding heads (43 at lord Itiver Rouge 
Works) and polishing heads (3G at River Rouge), 
sufficient spaco being provided for thorough 
washing to remove each grade of abrasive (sand 
garnet, carborundum etc ) before passing to the 
next and for inspection before polishing The i 
pressure on tho grinding heads is 12-40 kg /cm * I 
and on the polishing from 4 kg /cm * at tho I 
start to 2 at the finish of tho operation and tho 
the speed of travel of the cars about 3 ft per 
minute Various washing processes have been 
ovolved to overcome the caking of the rouge on 
the polishers in these continuous processes 
\\ hen one side of the glass has been polished the 
sheet is turned over and tho process repeated 
In some methods tho cars go to a second line of 
grinding and polishing heads hut m the Pilking 
ton method they are returned to the starting | 
point below the track which is built at a higher 
level for the purpose 

Fully Continuous — ■ The most up to date 
method of dealing with the continuous ribbon 
from processes such as that of Ford is to grind 


both top and bottom surfaces simultaneously 
Pilkington Bros and J H Griffin (B P 469951 
5 2 36, also B P 492288 17 3 37), do tins by 
adjusting the lower set of tools to precise align 
ment and providing pairs of rollers to support 
the sheet between the pairs of tools and at the 
same time feed it forward The rubber covering 
of tho rollers is adjusted to give tho necessary 
resilience the upper one being softer than the 
other (B P 491851, 1937), and means are pro 
vided (B P 489061, 1 2 37) for playing on 
streams of water to wash grams of sand away 
from the rollers to avoid crushing the glass 
Other Grinding Processes —Lens Qnnl 
*i g — A number of glass blanks are secured to a 
block of cast iron which is turned to the appro 
pnate curvature and is coated with a mixture 
containing boiled wood pitch and resin After 
cooling the block is screwed on to a vertical 
spindle which is caused to revolvo whilst a 
tool of cast iron of opposite curvature to that 
of the block is moved over tho surface under 
pressure being oscillated over that surface by an 
arm resting on its centre the tool being free to 



revolve by the friction with the block below 
Emery or carborundum mixed with water to a 
thin cream is supplied to the work and at in 
tervals is washed off thoroughly and replaced by 
a finer grade of abrasiv e At each stage all . 
marks from the prewous process must bo re 
moved before proceeding to the next Imally 
rouge is substituted for the abrasne and the tool 
is changed for one cohered either with felt, if a 
rough figure is permissible (common lenses and 
some spectacles) or with pitch if the highest 
optical perfection is required (photographic and 
other oj ticil parts) A number of spindles arc 
commonly druen from one shaft friction 
clutches being provided to each sj indie T1 o 
greater tl e km curvature tl e fewer tho j icces 
that can bo dealt with on one block 
Stopper and Tap Gnndti g — Tl e sloppier 
blanks (pressed as a senes of radiating spokes ’ 
from a centre cup and then broken o(T or for 
larger ones individually made) are knocked into 
wooilen chucks on horizontal spin lies and a piece 
of springy sheet iron bent up on a mandrel to 
tho desired taper is passed over the part to be 


ground and fed with abrasive and water being 
pinched together by pressure applied to the ends 
which are bent out to form wings On a similar 
spindle running parallel with this is an iron plug 
of tho same taper which is used to grind the 
bottle mouth (or barrel of tl e tap) after which 
the stopper and bottlo or plug and tap are 
ground together 

Mouth Grinding eg of tumblers is earned 
out by holding tho tumblers upsido down in a 
cup on a stone revolving on a vertical axis A 
small tube passing through the axis of the stone 
supplies water and the ghss is rot ited about tl e 
axis of the cup w Inch is slightly eeentnc to that 
of tho stone Alternatively tlo tumblers may 
bo put in hoi lers right way up and brought up 
to stones driven at 1,700 rpm by individ ini 
motors (see I \ems J Soe Glass Tech 1937 
21 310) in a revolving machine carrying C 8 or 
12 heads Jrig 4G \anous types of stone are 
used 150 P 25 Aloxite ’ being typical The 
latter typo of machine heepw the drive mechanism 
above the water 

Bottom and Decorative Grinding is carried 
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out by machines carrying one or more stones 
revolving about a horizontal axis and provided 
with holders for the work which can be brought 
up to the stone by pedal as for bottom grinding, 
or which are held np to the stone by counter- 
weights and at intervals are held swav whilst 
the holder is indexed, round a fraction of a ram 
before being brought np to the stone again, as is 


done in grinding flutes and ‘‘ olives ” on the sides 
of tumblers and the like. 

Thu Decoration and Aetee Trea tment 
of Grass. 

These processes may be divided into two 
classes, namely: (1) those carried ont at the 
furnace during the formation of the article ,- 




Fig. 46. 


(2) those dependent on the treatment of the sur- glass tubing or rod by lampworking or bench 
face. To the former belong such processes as glass-blowing. 

casing, spinning, filigree and mosaic working. Casing consists usually in spreading a uniform. 
The second class is divisible into two groups, thin layer of colour over an article of colonrle^" 
according as the surface is treated by mechanical glass. The coloured glasses niost_ commoniv 
means, such as those involved in d'ecoration by used are ruby, blue and opal. Tne essential 
grinding, cutting, bevelling, polishing, en- conditions for casing are that the gui~~es^snali 
graving! sand-blasting and frosting ; or by the have approximately equal coeScients_ m cx- 
action'of chemical reagents, such as in etching, psnsion and similar temperature-vi-cO'ity cha- 
silvering, iridising and in glass painting. In > racterirtics and be soft or plastic. ol 

rather a differenLeategory is the art of treating < fairly high lead content arc very suitable lor 
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such treatment One method of earn ing out the Sculpture — Use of Hand Tool « — In recent 

operation is to make a gathering of the colourless years much use has been made of a small hand 
glass, to blow it up slightly, and then dip into a motor, notably the Bosch machine, which takes 
pot of the coloured glass in such a way that a small abrasive tools enabling work of an en 
uniform outer layer is obtained The combined graving or intaglio type to be carried out on 
gathering is then worked up by turning or blow large panels of glass which could never be dealt 
ing in the usual manner with by the older methods More robust motors 

Banded gliss ft ither glass fliligreo glass and with flexible drive to a hand piece can \ mg the 
the insert! hi ot ui enamel backing in thermo grin ling wheel aro used for broader utd deeper 
meter and other tubing aro all special examples effects The artist works on the vortical gl iss 
of casing The enamel backing of tubing is a panel using a stream of \i ater to cool the glass 
simple example One method of making it and carry away the debris 
consists in preparing a rod of opal glass and Beielhng.eg of mirrors, may he earned out by 
inserting a length of it m a vertical recess in a hand on the flat fice of grindstones rotated 
mould The parison of colourless glass is intro about a vertical axis or on abrasive rollers 
duced into the mould so as to come into contact turning on a horizontal one Most work is now 
with, and pick up the opal rod, after which the done by automatic machine in which the sheet 
pa'fison is marvered further to complete the is clamped in a frame that can be traversed past 
union A further gathering of colourless glass two rotating abrasive wheels at the desired 
to cover tho opal is then made and the whole (adjustable) angle, the first to make the rough 
mass drawn into tubing in the ordinary way and the second the smooth cut Suitable stones 
h or details of manipulative methods of decor are 1 Cry stolon SO H vitrified for the first and 
ating glassware at tho furnace tho reader Alundum 220 K vitnficd for tho second 
should consult R Hohlbaum, * Zeitgemasse process though sometimes only one medium 
Heretellung Bearbeitung, und Verzierung des stone is used Felt and rouge give the final 
femeren Hohlglases," Wien und Leipzig, Holder polish For rounding the edges of automobile 
1910, Apsloy Pellatt ‘Curiosities of Glass screens Alundum ICO N vitrified bond wheels 
making,” London, D Bogue, 1849, contains a aroused 

good account, but is unfortunately long out of blUtmg or Cutting off of sections of tube is 
print done with very thm wheels with a flexible, eg 

Decorative Processes Applied after rubber bonded, wheel composed of 120 R Cry 
Fabrication — Cutting — The design is outlined stolon These are used with water at a com 
in waterproof chalk or paint and is then roughed paratively low speed 

out with coarse abrasive This was once done Etching is accomplished by hydrofluoric acid 
on an iron wheel rev olving on a horizontal axis of various strengths and with other agents added 
fed with sand and water, but most work is now or by fluorides in the presence of other acids 
done on synthetic abrasive stones, e g car For matt effects sihcofluondes aro necessary , 
borundum ’ of No 80 or 120 grit (see Fig 21) forming protecting crystals over part of the 
The smoothing cut is then made, anfl here the glass so that material is removed to different 
Craigleith Btone onco employed has given place depths to give the irregular light scattering 
to a fine grade of “ Aloxite or Bimilar abrasive effect (L Homgmann Glastech Ber 1932,10 
of about 150-180 grit Tho speed of rotation 154) Lead glasses etch most easily, lime glasses 
vanes with the type of work and size of stone are more resistant, and borosiheate glasses of the 
In the older installations surface speeds of from chemical ware and pyrex types are very difficult, 
000 to 1,700 ft per minute are used Tho if not impossible, to etch satisfactorily Of the 
polishing which was once done on wooden wheels acid fluorides commonly used for the purpose 
With pumice powder followed by tin oxide that of ammonium gives the coarsest and pot as 
( putty ) is nowadays earned out m a bath aium the finest etch structure so that acid 
composed, for full lead cry stal glass of approxi solutions of potassium fluoride aro commonly 
match 2 parts by weight strong hydrofluoric employed for giving a satin matt finish to 
acid, 2 pirtij strong sulphuric acid and 1 part cosmetic and pharmaceutical bottles eg KF 10, 
water, worked at 40°C Tho acid polishing of HC1 1, water 100 used at about 50°C , whilst 
glasses of other types is not so easy and calls for etching pastes for budging glassware commonly 
different bath compositions comprise a saturated solution of (NH 4 )HFj in 

Intaglio IForl is similar to tho above m that H,S0 4 with loading material" to givo the re 
abrasive stones are used, but finer and smaller quired consistency Blanc fixe is much used 
stones are employed tho work is held below together with gum glycerin zinc chloride 
instead of above tho spindle, and the design sodium silicate or flour paste for this purpose 
may be left matt or may bo polished as best The internal frosting of electric lamp bulbs is an 
accords with the decoration applied example of control making possible reproduction 

Fnprunny again is similar but still more deli of conditions Here the etching solutions are 
cate A very light spindle is used with a taper two, a quick rough etch followed by a fortifying 
bore chuck to take any one of numerous spindles ono (M Pipkin Ind Eng Chem 1926, 18 774, 
provided at the opposite end with a copper disc B P 228907 4 2 25 254316, 23 6 26) which 

The range of size of disc is from 2 to 3 m down rounds off the sharp crevices left by the first 
to pin head diameter and from about J in to and so restores much of the strength of the bnlb 
a’ a m in thickness These are charged with a The quick etch n pumped in the form of a slurry 
mixture of abrasive and oil and are used with (composition 42 (NH 4 )HF t 20 BaS0 4 3 5 
rare skill to produce designs on the ware much NaHS0 4 27 5 HF, 7 dextrin, +water q * 
as an artist would draw on paper to give lff-23% HF in the mixture) up a number 
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of nozzle* over which a fray or frame foil of 
bulbs is inverted. Afrer spraying for a fcw 
seconds the flow i= stopped and the name is 
lifted oft and moved down to a further set of 
nozzles where the bulbs are sprayed mith s 
diluted mixture containing only about 7-5% HF. 
In some processes a brief water sprsv i~ used to 
produce this by diluting the * first mixture 
rema inin g on the malls. The next set of nozzles 
spray with rinsing mater and then the bnlbs are 
dried by jets of warm air. 

For line etching, dilate acid. e.e. H F 1, mater 
4r-10, mith or mfchout H 2 SO. 1, is used at a 
temperature not above 3 f i r . 

The decorative capabilities of etching are in- 
creased by the application of resists to the glass 
to protect those portions which are to be left 
unacted upon. The-'' may be of beeswax and 
tallow. mith or vithout paraffin max as used for 
needle etching, a proves- ernployinga mechanical 


device to moves needle or needles to cat patterns 
in the max through mhieh the et chins fluid can 
act. Or the resist may consist of (u)“asphalt 5. 
resin 2. fallow 1. Venire turpentine 2. turpentine 
12: 0) asphalt 5. resin 3. beeswax 1-5. Venice 
turpentine 1, turpentine S. and be used to form 
transfers mhieh are applied to the glass on suit- 
able paper so that the etching paste painted over 
mith a hair mop may form a badse or desisn. 
The max resists lend themselves to mass produc- 
tion coating by immersion, mhilst the second 
type are best for transfer work. Tinfoil is used 
as a resist in marking some graduated apparatus, 
the design being cat” ir. situ mith a sharp knife. 

lee Flower Patten-* are produced by applying 
strong bone glne to a sandblasted surface ’and 
drying under controlled conditions. When dry 
the sbe*n ol gla-s is placed in a marm room or 
hot cupboard, and the contraction of the glue 
flakes off pieces of glass. The size of these 



Fig. 


depends on the thickness and strength of the j thro ugh the holes provided for introducing 
clue routine and the. drying conditions. The [the work. The sandblast is pedal controlled, 
fragments may be collected, remelted mith a , and issues from a nozzle in the bottom of 
little preservative, and after straining free from . 
glass splinters used again (CaiDetet. Comp. rend. 1 


1902. 134. 400). 

Alternatively a quicker and less doxable 
method mhieh does not destroy the glass surface 


by the operator. Used sand collects in the bot- 
tom of this chamber (Tig. 47} and drains back to 
the base whence it is used over again if eom- 


is to coat mith a varnish of gum sandarsc IS. f pressed air is employed. In this case all mater 
gum mastic 4, in the mixed solvent benzene 40. f must be Slrered out of the air supply line to pre- 
ether 200. applied to a perfectly clean surface, j vent caking of the sand. Continuous apparatus 
Another method is the application of so-called > for sandblasting sheet glass exists In_ which the 
firing s cellulose ester bare. I sheets pass over a table across which runs a 
Sar rPPaFir a. first applied in 1870 by B. Tilgh- | channel containing the sandblast jets. The 
man in Am erica, is carried out by directing j glass itself forms the seel to this _by resting 
Ezainsr the glass a jet of grains of sand entrained j on re si l i ent material lining either edge. _ Other 
bv s compressed air or steam-blast, the former l work too large for treating in a cabinet is 
ikins more nsual. Jt may be applied in an ! handled in a dust-tight room in which the 


enclosed cal 
to prevent 


abinet provided mith strong draught j operator moves, in special clothing mith a head 
t silica dust reaching the operator [ piece like a diver's helmet, and earrk- a flexible 
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hose with \alre controlled jet to apply the sand 
blast Apart from its use m obscuring large 
sheets of glass the main application is in 
decoration or badgmg by means of stencils made 
of metal rubber or thin piper coated with 
strong glue containing some non drying agent to 
preserve a rubbery consistency The last of 
these is applied to the glass and the design cut 
through so that it is only used once wh 1st the 
first two types are suited to repetition work 
Much use in recent years had been made of the 
sandblast ,n producing sculptured effects on 
architectural panels The glass is protected by 
6tencils and sandblasted, once Parts are then 
covered over and further sandblasting is done 


on tl e remainder to give a deeper relief and the 
process repeated to produce the desired effect 
Treatment of sandblasted surfaces with etching 
mixtures produces a matt effect which cannot 
easih be obtained by either treatment alone 

Edge Meltug an l Cracking Off Machines — 
The production of tumblers and lamp bulbs by 
press and blow machines (e g "Miller) or paste 
mould machine \e g W estlake or Coming) and 
of illuminating bowls and many other articles 
necessitates the removal of part of the blank 
called the cap next the blowhead and some 
times also of the opposite end (e g open ended 
cylinders) 

Cracking Off cons sts in making a scratch with 



Fig 48 — Cracking Off Machine 


a diamond or similar tool by moving the blank 
on a flat table against the tool held at the cor 
rect height and then transferring the work to n 
rotating table where a number of pm jioint 
flames (Bomkessel burner) are broi ght to a focus 
on tl e glass surface at the height of the scratch 
(fig 4$) V few seconds is enough to cause the 
crack to spread complete!* round effecting a 
clean cut off The surface is then ground true 
as already mentioned and is subset] iently fire- 
pohshed (n de infra ) Both thick and thin 
walled articles can be so treated b it cl eap mass 
prod need thin walled articles are generally now 
made from 1 lanhs by the process next described 
Mr ling Off is done 1 \ hoi 1 ng the articles , 


more specifically tumbler or lamp bulb blanks 
in a suction cup or other holder w hich is rotated 
whilst sharp xery hot flames (oxygen is some 
times used to supplement tho air supply) play 
from ring burners surrounding the glass at the 
melting off 1 ne By balancing the pressure of 
the flame and the speed of rotation it is possible 
to melt off the cap xx hich falls to waste down n 
chute leaving a beaded edge on the article which 
is neither turned inwards nor outwards and is 
not of an objectionable size 
Fire Polishing is appl ed to the edges of 
articles that have been smoothed 1 y grin 1 ng 
eg tumblers Fig 40 shows a Knight fre 
finishing machine in which the ware is stood on 
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rotating tables on a travelling belt which takes 
them down a narrow tunnel heated at the top 
by flames which increase in intensity down the 
tunnel to give a gradual heating which prevents 
shattering when the hot polishing flame is 
applied locally at the edges of the ware. Asbestos 
discs are often dropped inside to shield the 
bottoms of thick ware. 

The process is also applied to pressed glass- 
ware to remove the marks left' ly the moulds 
on the glass surface. This is effected by holding 
the glass on a punty in a small hot gas- or oil- 
fired furnace called a “glory hole,” the aim 
being to produce an intense heat to glaze the 
surface without causing deformation of the main 
body of glass. 

Deposition of Reflecting Films on 
Glass. 

(1) Silvering. — Drayton in 1843 introduced 
silvering to replace tin amalgam for mirrors, and 
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Liebig in 1867 made the process a commercial 
success. The two classical processes are the 
Rochelle Salt and the Brashear. 

The Rochelle Salt Process (“ Hot Process ”). — 
Solutions required are (a) reducing solution: 
AgNO s 2 g., Rochelle Salt 1-7 g., water 1,000 
ml.; (6) silver solution: A. AgN0 3 10 g., 
water 100 ml.; B. AgNO s 3 g., water 30 ml. 
To solution A add concentrated NH.OH until 
the precipitate first formed is dissolved, after 
which solution B is added drop by drop with 
shaking until a slight permanent darkening of 
the solution indicates the formation of silver 
oxide. Dilute to 1,000 ml. and filter. In use 
mix equal volumes of reducing and silver solu- 
tions and immerse the chemically clean glass 
surface at 20-30°C. The quantities specified 
will coat 400 sq. cm. thickly. 

The Brashear Process (“ Cold Process ”) gives a 
brighter reflecting surface and is much used for 
instrument work. Solutions required are : (a) re- 
ducing solution, cane sugar 90 g., nitric acid 


Fig. 49. 


(sp.gr. 1-42) 4 ml., water 1,000 ml., boiled 5 
minutes and allowed to cool ; (6) A. silver solu- 
tion, AgNO s 20 g., KOH (pure stick) 10 g., 
water 400 ml.; B. AgN0 3 2 g., water 30 ml. 
The precipitate produced by the KOH in solu- 
tion A is dissolved by addition of ammonia as 
in the Rochelle salt process, and solution B is 
used as there described. For use take 1 vol. 
reducer to 4 of silver solution. The silver solu- 
tion specified above will cover S00 sq. cm. 

The danger of explosions from silver amide 
formation is minimised by storing only dilate 
solutions of silver and by keeping all vessels 
clean so that the formation of dried up deposits 
is prevented. Serious trouble has resulted from 
failure to observe these precautions. However 
deposited, silver films are usually strengthened 
and protected by electrolytic deposition of 
copper from a bath of low acidity. After wash- 
ing and drving the film is backed by a shellac 
varnish free from impurities liable to damage the 
film (c.p. acid, sulphur, chloride) and an asphalt 
lacquer is frequent!}- applied over this. For 


[ some purposes lead is electro-deposited on the 
copper to build up a massive protecting film. 
Cheap lacquers invariably lead to breakdown of 
the silver film. 

(2) Copper Films may be deposited on glass 
by the method of F. D. Chattaway (Proc. Hoy. 
Soc. 1907, A, 80, SS). The coating hath is made 
up as follows : 9 g. of hydrazine sulphate is dis- 
solved in 150 c.c. of distilled water and heated 
at 60°, and to this is added, with constant stir- 
ring, 90 c.c. of a saturated solution of copper 
hvdroxidc and ammonia at 1 6 \ the resulting 
mixture being a clear yellow colour. The class 
is then sponged over with the mixture, this bring 
a most necessary step in the process. To the 
solution is then immediately added slowly and 
with constant stirring 87-3 c.c. of a solution at 
60 5 of 11-1 g. of pure caustic potash in 100 c.c. 
of water. The solution should '-till 1#* 
vcllow colour without any precipitation taking 
place. The mixture is then pourfd into the 
coating vat (of copper), standing in a hot 
wafer bath at 43°, and the glv- on a float at 
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once immersed and the float periodically 
rotated The temperature of the bath is then 
very gradually raised to 67° over a period of 
about 20 minutes, for the first 15 of which the 
bath turns a dark green colour before finally 
acquiring a pink shade After a further 5 
minutes the film is thickened by the addition of a 
mixture of 50 cc of the copper hydroxide 
ammonia solution at 16° with 10 c c of the 
potash at 60°, the temperature of the bath 
being lowered to 43° before the addition fhe 
float is removed while adding this and stunng 
the mixture and is quickly replaced and the 
same heating schedule followed Further rein 
forcements of the coat can be obtained bj 
repetitions of the above treatments and by 
electroplating from a bath made by boiling 1 part 
of potassium bitartrate with 10 parts by weight 
of water and adding as much hydrated copper 
carbonate as will dissolve A safe current 
density is 0 25 amp per sq dcro , heavier cur 
rents tending to cause stripping of the film The 
ordinaiy acid or cyanide plating baths are useless 

(3) Dark Coloured Mirrors — Lead sulphide 
films may be prepared (O Hauser and E 
Bicsalski, Chem Ztg , 1910 34 1079) as follows 
The glass plate is supported in a developing, 
dish on four blocks of paraffin wax at the 
corners, and a solution of 1 grn thiourea in 
60-75 ml water is poured o\cr followed by 
50-70 ml of dilute lead nictate solution and 
25 ml of dilute caustic potash or ammonia 
solution, with continuous rocking to mix the 
solution The white lead hydroxide darkens to 
sulphide and m about half an hour the metallic 
sulphide film forms first on the lower and then 
on the upper surface of the plate, that on the 
lower surface being the best 

(4) Sputtered Films of platinum group 
metals, or of gold, silver, copper and lead may 
be produced bj discharge from a cathode of the 
metal m hydrogen at such a pressure that the 
“ dark space ’ just reaches the support on 
which the mirror is to be produced 

(5) Evaporated Films — Bj volatilising 
metals in a tungsten or other suitable elec 
tncallj heated spiral tit tacim (0 001 mm Hgand 
lower), films of verj satisfactory reflecting cha 
acteristics have been built up Aluminium in 
particular has proved promising though the 
producers of precious metal urge the claims of 
rhodium (M Auwfirter, J Appl Phjsics 1939, 
10 705) 

(6) Heavier Metallic Films are produced on 
glass by spraj ing, eg w ltli the Sclioop gun, 
molten aluminium through a stencil on to a hot 
glass surface This is applied to toughened 
glass articles to produce heating grilles on glass 
B Long (J Soc Glass Tech 1937 21. 428) 
describes a panel of “ Securil ’ glass 50 y 40 cm 
with a Greek fret of 30 strips, 45x1 cm ion 
»uming approximate^ 500 watts to give a mir 
face glass temperature of 130°C Lower ratings 
are applied to glass blocks for flooring a few 
watts per square decimeter being sufficient to 
give a temperature of 30— 10°C on the non 
metallised glass surface The adhesion of 
spraved aluminium to glass is very marked a 
force of more than 150 kg being reeded to 
separate test pieces of glass 4 X.'X.’ cm joined 


end to end by a circular soldered region 1 sq cm 
in area This metal is largely used to join 
together the two halves of which hollow glass 
building blocks are composed (see p 595a) 

(7) Iridescent Glass, which m antique 

specimens is produced by surfaco decav , is 
obtained artificially bj the action of metallic 
vapours After being made at the furnace and 
while still red hot, therefore, the article is 
rotated rapidlv nside an iron box or oven m 
which suitable metallic salts are volatilised 
Various mixtures of salts are employed, such as 
(1) stnnnoiis chloride 90 parts, strontium nitrate 
r > barium chloride 5 (2) stannous chloride 90 

parts barium chloride 2, bismuth nitrate 5 
The bright iridescent coating may he made matt 
bv reheating several times in the mouth of the 
furnace The iridescence may bo greatly varied 
as in Tiffany glass, by treating coloured glasses 
or those with patterns Brilliant metallic effects 
may be obtained by adding a silver or a bismuth 
salt to the glass batch and reheating the object, 
lieforc lndising, in a reducing flame whereby a 
metallic surface deposit is produced 

Alternatively a spraj of FeCI 3 2 5 g, 
SnCI 2 350 g , Sr(NO a ) 2 150 g , HCI 5 000 mi 
is made up on the sand bath, filtered through 
linen after standing, and is used in a simple 
type of spray with air at 15 lb per sq in to 
coat the hot glassware in a small chamber 
ventilated to remove the poisonous metallic 
vapours (T Siroky Spreilmal, 192S 61, 1004) 
If no gold tone is needed the iron salt is omitted 

(8) Lustres of metals, in particular of the 
platinum group and gold, are made by dissolving 
tho metallic salt in so called sulphur bahain 
prepared from sulphur Venice turpentine and 
turpentine oil with or without rosm (colophony) 
In the caso of bismuth salts, however, no sulphiu 
is permissible or black tones are produced 
The metallic resinatcs obtained arc made 
up in essential oils e g sassafras, lavender, 
rosemary, fennel etc and are applied mixed 
with asphalt solution by spraj ing or painting 
One recipe for a G% solution of liquid platinum 
specifies 500 g Pt containing resin 250 rose 
mary oil 150 fennel oil, mix and add 14 g 
rhodium solution, G g chromium solution 70 g 
bismuth solution and 10 g colophony Thin 
with asphalt and eolophonj solution in ratio 1 2 
if a 4% Pt solution is needed (I Chcmnitins 
ibid 1927 60, 182 226, 313) 

Staining is carried out b\ using uthcr silver 
or copper compounds B W Mftller is said to 
have been the first to u«c AgCI for silver stain 
ing The AgCI or Ag 2 0 mixed with 5 times its 
weight of ochre is ground with turpentine (some 
times dammar is also added) and is painted on 
the glass which is then fired in a muffle furnace 
to ( no ( ■SO'T Hie removal of the residual 
ochre mixture leaves a j ellow stain on the glass 
Presume of oxides of iron and arsenic or anti 
monv are sanl to favour col >ur development as 
does a smokj (reducing) atmosphere Copper 
staining wo* developed bv F Lgerniann in 
Haida in 1832 (L Springer, “ Die Glasmilerei 
u Aetzerci,’ p 79, 1923) Tour parts CuO 
and three of ochre are ground together with 
vehicle and painted on tho glass which in the 
ca*e of a glass of composition SfO t 72 Fe 2 Oj 


I 
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Bihca and in some bases bone oxide, it must be 
borne in mind that the use of such basic oxides 
is primarily to permit fusion to take place at 
the temperatures at present commercially attain 
able Silica m itself possesses so many valuable 
properties that if it could be fused readily it 
would displace many types of glass The high 
temperature of fusion restricts the scale on which 
melting can be carried out, but already, silica 
ware has become a recognised article of com 
merce, being worked into tubing, rod, beakers, 
flasks, crucibles and other types of scientific 
apparatus, quartz threads for galvanometric 
mirror suspensions, nitric acid stills, sulphuric 
acid condensation plant and chimneys for in 
candescent lamps 

Two types of fused silica ware are on the 
market, the transparent, made from quartz, 
and the opaque or translucent, produced from 
sand or crushed quartz The transparent form 
is worked in the oxy hydrogen flame, and the 
size of the article capable of being made is 
restricted to small crucibles and dishes, and the 
smaller sizes of flasks, beakers and similar 
articles The non transparent silica can now be 
worked m masses up to 2001b , and tubes 4 in 
or more in diameter form a stock article The 
starting point for tubes is a hollow core "of 
plastic silica produced by fusing n moss of 
white sand round a central core electrically 
heated the core being removed when the 
cylinder has been formed and drawn into tubing 
in the ordinary way In the plastic condition 
such a silica cylinder can be drawn into lengths 
of SO or 100 ft The rough outer surface of the 
tube may be ground down or it may be glazed 
either electrically or by an oxy hydrogen flame 

Tor articles other than tubing, the cylinder 
is closed at one end and blown in a mould 
by compressed air 

The temperature required for fusing and 
working the sand is 1 800-2, 000°C As only a 
plastic and not a completely fused condition is 
reached, the fine air bubbles are not removed, 
and reflection from them gives nse to the silky, 
lustrous appearance characteristic of this type 
of fused silica (See T Bottomley, J S C I 
1917, 36, 577 ) 

In a process patented by II P Hood, M E 
Non] berg and Coming Glass Works (B P 
442520, 8 8 34) articles made from the glass 
Si0 2 75, Na 2 0 6 B 2 O s 25, are maintained at 
525-C50°C for periods of from a few hours to a 
few jlays until the glass separates into a silica 
nch phase and one containing practically all 
the alkali and bone oxide Immersion in a bath 
of acid removes the latter, leaving a skeleton of 
substantially pure silica which after washing in 
running water is heated to give a high silica 
glass There is a very large shrinkage in this 
last operation 

Quartz glass has an extremely small coefficient 
of linear thermal expansion, namely, 5 2x 10 - ’, 
and articles made from it can be heated to red 
ness and quenched in cold water without fracture 
Hence its xnlue for heat resisting glassware 
Unfortunatclv, fused silica ware cannot be 
maintained for anv considerable period at tem 
pera lures higher than 1,000°C owing to its 
tendency to revert to the crystalline form stable 


at such temperature, namely, tridymite, when 
the article is liable to break down 

Fused 6ihca is practically unacted on by water, 
and all acids except hydrofluoric acid, and phos 
phone acid above 400°C It is, accordingly, of 
very great value m precise chemical analysis 
where water, neutral salt solutions and acids 
are alone concerned Further, as a consequence 
of its resistance to solubility by water, and its 
non hygroscopic character, fused silica is a very 
good electrical insulator As an acid material 
itself, it is naturally attacked by the alkalis, 
and the use of sibca crucibles is therefore much 
restricted since they cannot be used for fusion of 
metallic oxides 

Transparent quartz is transparent to ultra 
violet light and on this account finds special use 
in the form of plates, lenses, and wedges or 
prisms m optical apparatus, and in mercury 
vapour lamps The refractive index for the 
D line is 1 45847, and the dispersion constant 
y 67 92 (Gifford and Shenstone, Proc Roy Soc. 
1904, 73, 201) 

M P. 
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GLASS OF ANTIMONY (e Vol I, 4475) 

GLASS OR GOLD FLUX (a Vol I, 

559d) 

G LASS, O PT I CAL The primary require 
ment of optical glass is that it shall be homo 
geneous and isotropic 

In the manufacture of ordinary commercial 
glass the raw matenals, sand limestone, etc , 
are mixed thoroughly together before they are 
melted but no mixing other than that produced 
by convection currents and diffusion is attempted 
during founding As a result, minor variations 
of refractive index due to small variations of 
composition are unavoidable so that an object 
seen through a plane parallel sided piece of 
ordinary glass might be expected to appear 
more or less distorted In general, however, 
the methods of manufacture cause the different 
portions of the glass to be spread in layers 
which ho substantially parallel to the surface, 
and when the glass is looked through normally 
this distribution largely or entirely masks the 
effects of variation of refractive index Unless 
the glass is accurately plane parallel also the 
distortion produced by variations of thickness 
is of such comparatively large magnitude that 
effects due to variations of refractive index 
pass unnoticed 

How large those effects could be is easily seen, 
however, by looking edgewise through a narrow 
Btrip of plate glass which, when looked through 
in the ordinary way, produces no distortion 
When viewed edgewise the glass can bo seen 
to consist of an enormous number of layers, all 
differing slightly in refractive index, and nothing 
can be seen clearly through it if the strip is 
more than 1 or 2 m wide 

The uses to which optical glass js put require 
that perfect image formation shall be possible 
irrespective of the direction along which light 
passes through the glass For thm lenses a 
striated or stratified glass, such as plate glass, 
may not be entirely unsatisfactory if the image 
forming rays pass substantially normal to the 
surface- and through only email areas, as in 
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specks leases, tor wide-apertnre and wid<>- 
ang.s lens*, coherer, the glass used must be of ! 
nmionn refractive index throughout if perfect 


screens used In conjunction with wide-aperrare 
pnotograpme lenses. 

At one time the needs of the optical-glass in- 


different ukris f achromatic lenses of comparative^ izrall 

msaOr. Ear pas* n angle represented the limits to which fens'-design 

directions ttt ^ de l veIo P ed - “ d **h lenses can be made nn 

class. ~ Ee part 01 the ‘from almost any two glasses which differ snffi- 

To obtain the nec^sarr high decree of homo- todex ' J 110 needfor special 

» - t , ^ ' "r ’. lLr - tu ta - vl " 1 numb-:-. 01 glasses contammc previottdv unused 

^2^t h ;T mmE ? 15 ingredients, such as bannm^de aid boric 

th“ oricinrl ?°° 0 -^- r a ;*l ! anhydride or borates, and also containing the 

^ d V ;tr3bnt& i uniformly more usual ingredients such as lead ori f > A 

m ^ t * b ^ T sb =° £n F pot material 1 nnnsuaiiv lame proportions. W Vernon H-r 

***“ 15 distri - coait a 115 John'Hopkinson had also worked 

.[ff M ererr possible opportunity of on similar lines, the latter in association w^ 

d ^ e S?l W ^^‘ 4ifer \B Sace Brotke ^- between IS72 and 1S77. 

;Al E0^ga^.ered._Lcd-:A ponred or : Their work had. however. aroused little our- 
-.VpY-- r _ sp; Yj*? Z J; ®. “tf 2 ? ordmarr glass j side interest, and in the absence of anr demand, 

£ a£i 5r: ^ nfwi l ° , coo! r aoTO j S P^-1 had not been manufactured 

mAepo. sc a rare mhicn triD cause the glass fo m anr quantity. The commercial derelop- 


— - - -ndard plates or into rough pris^ jv.;=, 
iorms. after w r. i e h they are annealed under con- 
ditions which minimise tempera rare gradients 
in the glass during final cooling. 

The stirring and the practice of allowing the 
glass to cool'undisftmbed in the pot are the only 
essential features distmgmshinz optical glass 
manufacture from the methods of manufacture 
used in making commercial glasses. It is true 
that, for most purposes, optical glasses should be 
colourless and highly transparent, and that their 
optical properties are required to lie -within close 
limits of some specified value. These objects 
are achieved hr using ingredients in r-hich im- 


^ _ - — — - — <20.tr uia&aiucu uroauiv imo 

purities are not present in suSeient amount to j crowns and flints according to the value' of the 


produce colour or to cause significant changes of 
refractive index. The term £i Optical Glass ** 
must, however, he accepted as indnding glass, 
whether coloured or not. which is rendered homo- 
geneous by stirring, as. for example, special 
neutral or coloured glasses such as are in 


— — ' ^ u’g&t.x* tra pi WAtAUU VV->Lii- 

mercfally a number of glasses bavins the par- 
ticular properties which Abbe fonnd~would be 
of assistance in the production of microscope 
objectives of high numerical aperture. 

The number of types of optical glass eventual! v 
introduced was of the order of 7-5-101, though 
several of these were unsuitable on grounds of 
insufficient durability, and have since gone out 
of use. It has also been shown that, with im- 
proved methods of lens computation, a propor- 
tion of the remaining types could also be dis- 
pensed with, if necessary. 

Optical glasses are classified broadly into 

ilTm; nrtr? ft fnTs *3 •diner Arv — ts /-, r-nlrro 


reciprocal of their dispersive powers for the 
range of spectrum between the C and E lines. 


neutral or coloured glasses snen as are in- 
corporated in certain types of optical apparatus This quantity is usually referred to as the r- 
or as the high-quality '‘haze-cutting'’ colour value, but is commonly printed as the V- value. 


Optical Glasses. 
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1 i 1 - 5-0 1 , ; 

9-0 01-01 1 ! 

! 60-2 ' 1-501 

Medium barium crown 

J-59-5 { 3-0 > 

1 • 5-0 1 19-2, 

3-0 10-0 i , s 

, 59-6 ! 1-541 

Dense hannm crown . 

39-5, 6-5 

2-5’ | ‘9-0 42-0' 

1 f i 

j 56-7 i 1-619 

I Light barium flint . 

151-7} 

10-0 ’ ,7,-0 20-0 

1*5 9*5 i , 5 

! 50-4 I 1-572 

► Extra, fight flint .' 

|62-7 

23-9 ! - 1 1 

4-5, S-3 < 

46-9 ' 1-541 

| Light flint ... 

[53-3 ; 0-S- 

33-5 ‘ > . 

4-0 , 8-0 

! 41-0 ' 1-550 

f Dense flint 

46-1 1 

45-1 

1-7 1 G-S’ 

36-6 1-616 

, Extra dense flint 

34-7 - 

‘61-0. 

1-5! 2-5 

29-5 1-717 

Double extra, dense flint 

‘21-0 ’ ' 

79-0 


20-9 1-923 
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GLASS, OPTICAL.* 

The distinction between crowns anil flints is an is associated with a low v \ nine In glasses eon 
irbitrarj one, gl isses ha\ ing i \ alues of 53 and taming a notable proportion of barium, however, 
upwards being classed ns crow 0", while a gla^> high refractive indices are associated with 
with a » xulm lower than 55 is classed as a flint relatixclx low di&persixc powers, a property 
In plain sod i-hme and lead glass* s the dis which renders the barium glares of particular 
persivepowcr increases m irfurlx regulir manner importance to the optical designer 
with the mean rcfrutiae index (or the refraetno Sonic idei of the range of compositions U'cd 
index for the D lines), i e a high refraetne index jn optical gli* s mamifacture can be obt lined 


— v value 

n F" n C 



— log v 


from the table, which gives approximate values be convenient to deal al»o with the non brittle 
of the principal oxide contents of glasses beloug and flexible transparent plastics now available 
ing to the main tx pc groups The full range of which c in be used in place of glass 
optical properties is indicated in the figure by Reinforced Glass (Wired Glass) — Wired 
the initial letters of tho glasses For the gla«s is the only truly “ reinforced "gloss It H 
majoritx of the glasses the points representing iimplj a sandwich made b} feeding a strip of 
the optical properties lie reasonable close to a hexagon mesh or square mesh wire netting 
smooth cur\e, but for glares containing barium between two laxers of glass as the glass passes 
the corresponding points lie aboxo this eurxe through the rolling machine, the whole being 
bx amounts xvhich increase as the proportion of final!} rolled so as to weld the tw o 1 xyers of glass 
bnntun.in the glass increases together with the wire between them 

II M The advantage of wired glass oxer ordinary 
GLASS, REINFORCED, TOUGH glass is not that it offers an} grtafer resistance 
ENED AND SAFETY Brittlene*-* has to oracling under flexure or impact but that 
militated against the \i>e of glass ux many appli when it is crxded or even shattered the puces 
cations for which otherwise, it would be the are strouglx held together b} the eml>edded w ire 
ideal material This disadvantage must bo The n«k' of damage due to filling gh«s or to 
accepted however, along with am associated fl}mg splinters are thus xcr} great h reduced 
n«k«, in circumstances where tran«Iucencx or l»x the use of wired gh«s in pi ice of ordinarx 
transparence combined with screening against glass jwrticuhrlx in roof glazing or under con 
weather or other disturbance are essential afld ditions in which there is risk of the glass being 
the object of any reinforcement toughemngpro exposed to severe Hows or to blast waves from 
cess or lamination is to reduce these risks to a explosions 

minimum Toughened Glass — Rupture <>f glass, as of 

Iti const lering the glawev spcuallx made or «U other materials, occurs otdj when some part 
spectallx treated to minimise these rids it will i» put into excessive tension Glass is much 



FERMENTATION, ALCOHOLIC 


constitution of this new ester and that of the 
non fermentable reducing sugar obtained from 
it by the action of bone phosphatase have 
not jet been ascertained, but the sugar is 
probably a mixture of a mannoLetoheptose with 
other sugars of a similar type (Robison, Mac 
farlane and Tazelaar, Nature, 1938, 142, 114) 

A similar mixture of mono esters obtained 
from muscle (Embden and Zimmermann, Z 
physiol Chem 1927, 167, 114) is known as the 
Embden esler The phosphoric ester produced 
by the action of autoljsed and dialjsed muscle 
extract on glycogen (see p 36) is also of a 
similar character This reaction provides a con 
venient method for preparing the mixed ester 
The formation of these mixtures is probably 
due to the presence of an enzyme (phospho 
hexomutase) which rapidly converts glucose , 
mannose or fructose monophosphonc ester, 
probably by way of an enolic form common to 
all of them, into an equilibrium mixture of the 
three, containing about 70% aldose ester and 
30% ketose ester (Lohmann Biochem Z 1933, 
262, 132, Robison, Biochem J 1932, 26, 
2191) This mixture, originally termed the 
Robison esler, is so termed through this article, 
but Meyerhof suggests that it should be known 
as the equilibrium ester, and the name Robison 
ester reserved for glucose 6 phosphate The 
fermentation of hexosemonophosphate is dis 
cussed later (see p 30) 

The Reuberg Ester — An ester which is prob 
ably identical with the ketose ester described 
above was obtained by Neuberg (Biochem Z 
1918, 88, 432) by the partial hydrolysis of 
hexosediphosphone ester by boding for a short 
time with oxalic acid It has [a] D -f 0 4° for 
the bariunl salt, +15° for the free acid It 
reduces llagedom and Jensen’s reagent to the 
same extent as tho Robison ester, but only 
reacts to ft small extent (5-10% of the hexose) 
with alkaline hypoiodite This may possibly 
be duo to tho presence of some aldose ester in 
the mntcnal used for its preparation It is a 
fructosemonophosphonc ester, which is probably 
Jnietofuranost G phosphoric ester 

A substance which is probably fructopyranose 
1 pho.sphone ester is found among the products 
of the action of bone phosphatase on fructosedi 
phosphoric ester It is strongly Imrorotatorj 
(cale [a] 5le „ for Ba salt*=— 39°, for the free 
ester —62 2°) and is very rapidly hj drolysed by 
acid, I_for A’ HCI at 100°«75x 10 -3 (MacLeod 
and Robison, Biochem J 1933, 27, 286) 

Another kevorotatorj fructosemonophosphate, 
—24® (Ba salt) is formed during the acid 
hydrolysis of he xosedi phosphate or fructose 
monophosphate Its formation is probably due 
to the migration of the C phosphoric acid group 
(Macfarlane and Robison, Enzymologia, J937, 
4. 125) 

An aldose 1 phosphate has been obtained by 
Con and Con (Proc Soc Exp Biol Med 1936, 
34, 702 , Con, Colowiek and Con, J biol Chem 
1937, 121, 465) by incubating washed minced 
frog muscle in phosphate buffer (see also 
Kendal and Stickland, Chem and Ind 1937,56 
936), and can also bo prepared by the action of 
rabt it muscle extract on glycogen m presence 
of lodoacetic acid (KiesaUng. Biochem Z 1938, 


421), and by synthesis from acetobromo 
glucose (Con, Colowiek and Con, Ic) Evidence 
is accumulating that this substance is the first 
product of phosphorylation of glycogen and also 
that it can be enzymically reconverted into 
glycogen and H 3 P0 4 (see Kiessling, Naturwiss 
1939, 27, 129, Schaffner, ibid 1939, 27, 195) 
It has no reducing power (Hagedorn and 
Jensen, hypoiodite) and is very readily 
hydrolysed by acid to glucose and phosphoric 
acid When added to dialysed muscle extract 
it rapidly passes into an equilibrium mixture of 
hexose 6 monophosphates (Embden ester) 

The [a] D for the Ba salt is +75°, for the free 
acid +120° 

Hydrolysis of the Phosphoric Esters of 
Fermentation — The phosphoric acid groups 
of the hexosephosphonc esters, adenylic acid, 
adenylpyrophosphate, phosphoglycenc acid, 
phosphopyruvic acid, etc , are removed by 
hydrolysis with acid, according to a unimole 
cular law, at different rates, and this fact has 
been utilised for analytical purposes as well as 
for the identification of the various compounds 
In practice the hjdrolysis is carried out with 
N HCI m a sealed capsule at 100° for a fixed 
time and the amount of inorganic phosphate 
liberated is then estimated (see Lohmann, 
Biochem Z 1928,194,306) Velocity constants 
of the hydrolysis of a number of these compounds, 
are given below 

fcxlO* 

Hexosediphosphate First group 22 0 

Second „ 4 2 

Hexosemonophosphate (Robison ester) 0 2 

Neuberg ester (fructose 6 phosphate) 4 36 

Glucose 6 phosphate 0 26 

Mannose 6 phosphate 0 29 

Tructofuranose 1 phosphate 75 

Phosphoglycenc acid 0 14 

Adenylic acid 2 3 

Adenylpyrophosphate 2o0 

Phosphodihydroxj acetone 33 7 

Phosphoglyceraldehyde 37 5 

Glucose 1 phosphate 200 

Apparent Dissociation Constants of the 
Hexosepiiosphates — The hexosephosphates 
produced in alcoholic fermentation are stronger 
acids than phosphoric acid and their formation 
is therefore accompanied by a fall in the p R 
of the solution The dissociation constants arc 


Phosphonc acid 1 

1 99 

Hexosemonophosphate 


Neuberg ester * 

0 97 

Embden ester 3 


Robison ester 3 

0 94 

Hexosediphosphate 



(6 1 ) 


Harden and Young ester 1 1 48 6 29 

Harden and \ oung ester, 1st 
group 1 

Harden and Young ester, 2nd 
group 1 — (6 5) 

Glucose 1 phosphate 4 1 11 6 13 

? Meyerhof and Saranyl Biochem Z 1926, 170 427 
lP' , ? r ^4 f 5*9 <1 ll!Chtr ' Prt>c Soc tip Biol Med 
» Meyerhof and lohmann Natnrwies 1926 1 4 1277 
Cort. Colowiek and Corl J Biol Chem 1937,121, 
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phite Insoluble sulphites (Ca, Zn, Mg) can 
be used if the mixture is well agitated, and the 
process can also be earned out in faintly acid 
solution in the presence of acid potassium 
phosphate 

An enhanced production of acetaldehyde 
and glycerol had previously been observed by 
Neuberg and Filrber (Biochem Z 1917, 78, 
238), both with living yeast and maceration 
juice in presence of a number of alkaline salts, 
but the acetaldehyde found was not chemically 
equivalent to the glycerol It has now been 
found, however, that in these circumstances the 
acetaldehyde undergoes a Cannizzaro reaction, 
yielding alcohol and acetic acid, eo that the 
fermentation in presence of alkalis proceeds as 
follows: 2C s H lt O s 

► 2C,H 8 0 4 +2C0j-f2C,H 4 0 — g- 

2C*H*Oy<: 2C0vhC^H % O+ C 4 H v O* 

One molecule of acetic acid is thus produced 
for every two molecules of glycerol The yield 
of glycerol obtained in this way is not so high 
as in the presence of sulphite, amounting m the 
presence of sodium bicarbonate to about 35% 
of the theoretical (Neuberg and ilirach, xbxd 
1910, 100, 304) Neuberg explained the results 
obtained, on the general lines of the pyruvic 
acid theory, by supposing that the sulphite 
combined with the acetaldehyde and thus pre 
vented its reduction to alcohol, the glycerol 
being formed by the action of the hydrogen thus 
rendered available on the precursor of pyruvic 
acid, which ho assumed to 1« methylglyoxal 
Wo Ostwald (i btd 1919, 100, 279, tee alto 
Neuberg, tii d 289) has pointed out that the 
enhanced production of acetaldehyde would 
naturally follow on tho removal of this substance 
from the sphere of action, tho equilibrium being 
in this nay constantly disturbed, so that 
this fact cannot in itself be regarded as a strict 
proof of the theory that pyruvic acid is an 
intermediate product in the normal course of 
fermentation In view of the fact that in the 
modified fermentation the acetaldehyde is 
produced at approximately tho samo rate as 
alcohol in the normal fermentation there can 
be little doubt that Ncuberg’s explanation is 
in this particular correct 
Technically the possibility of producing a 
largo proportion of glycerol from sugar by 
fermentation in presence of sulphite has been 
made tho basis of a process of manufacture of 
this substance (the l’rotol process), which has 
been worked on such a scale as to produce & 
million kg of glycerol per month in a yield of 
20-23% of tho sugar employed (Connstem and 
Ludeckc, Her 1910, 62 [V] 1385) 

An entirely different explanation of tho engirt 
of the glycerol in these fermentations is afforded 
by the newer theory of alcoholic fermentation 
(p 30) 

Phosphorylated Intermediate Compound* 
In the Alcoholic Fermentation of Sugar. 
Since 1032 the participation of methylglyoxal 
in alcoholic fermentation has been rendered 
extremely Impiolabk by the researches of 
I mbden, Meyerhof and other workers (tee beloxr). 


according to which the sugar is first phos- 
phorylated and then decomposed, the first 
phosphorus free compound to be produced 
being pyruvic acid, the decomposition of which 
then proceeds as supposed by Neuberg An 
important step in this direction was made when 
Meyerhof (Biochem Z 1927, 183, 176) showed 
that when lactic acid was produced from glucose 
by muscle extract containing hexohnate { tee 
later) the phenomena were closely analogous to 
those which occurred in alcoholic fermentation 
by yeast juice In both cases a thermolabile 
enzyme system and a thermostable co enzyme 
were required and yeast extract could supply t he 
co-enzyme necessary for the muscle enzyme, and 
muscle extract that required for tne yeast 
enzyme Inorganic phosphate was rapidly 
estenfied, the equation of Harden and Young 
held good and the Tate of fermentation fell when 
all the inorganic phosphate had been esterified 
1 "Previous to this "Em'bden and 'his colleagues had 
shown (xbid 1915, 93, 1, 124) that hexosedi 
phosphate added to muscle press juice caused 
an increase in the amounts of lactic and phos 
phono acids formed, and later Embden and 
Zimmermann (Z physiol Chem 1927, 167 
114) isolated from muscle press juice a hexose 
monophoaphonc ester ( lactaexdogen , or Embden 
eater) which they regarded as a precursor of 
the lactic acid Since that time the develop 
ment of our knowledge of alcoholic fermentation 
by yeast and of lactic acid formation by muscle 
has proceeded on parallel lines, the two subjects 
having been mutually helpful The phenomena 
in muscle are only dealt with here in so far as 
they throw light on the subject of alcoholic 
fermentation (For further information tee 
Meyerhof, Die chemischen Vorgilnge lm 
Muskel,” Berlin, 1930, and Reviews by Robison, 
Ann Rev Biochem 1936, 5, 181, Pamas, 
Ergebn Enzymforsch 1937, 6, 57, Meyerhof, 
Ergebn Physiol 1937, 39, 10) 

As early as 1930 Nilsson observed that when 
yeast was treated with acetaldehyde in presence 
of sodium fluonde, the aldehyde disappeared 
and at the same time an acid of the composition 
of phoBphoglyceric acid was produced (Arkiv 
Kemi, Min , Geol 1930, 10, A, No 7) At 
about the same time Lohmann (Biochem Z 
1930, 222, 324, Lipmann and Lohmann, tbid 
1930, 222, 389) found that bexosediphosphate 
was converted (to the extent of 83%) by 
diluted musclo extract into an ester which could 
only bo hydrolysed by acid with great difficulty 
A similar substance was formed from glycogen 
and starch by muscle or its extract in presence 
of sodium fluoride and also from hexosedi 
phosphate by muscle extract in presence of 
Bodium fluonde These compounds were at the 
time thought to be now forms of hexosedi 
phosphate hut w ere subsequently recognised as 
mixtures of phosphonc esters of glyceric acid 
and glycerol 

The next step was taken by Embden, Denticke 
and Kraft (Klin Woch 1933, 12, 213) who 
obtained phosphogly cenc acid from minced 
muscle in presence of certain salts (lactate, 
oxalate and fluonde of sodium) and came to the 
conclusion that Lohmann’s new esters must 
also contain this compound 
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They further made the fundamentally im- 
portant observation that phosphoglyceric acid 
was decomposed by minced muscle into pyruvic 
acid (CH 3 - CO COO H) and free phosphoric 
acid. From a consideration of these facts they 
came to the conclusion that the hexosedi- 
phosphate undenvent a primary fission into 
two molecules of phosphotriose (supposed 
bv Embden to be 3-phosphoglvceraldehvde, 
CH 2 (0-P0 3 H 2 )CH(0H}CH0)*, and phos- 
pho-dihydroyyacetone, 

CH.(0H)-C0-CH 2 {0-P0 3 Hj) 

which then underwent dismufation into a 
mixture of phosphoglyceric acid and phospho- 
glycerol : 

I mol. hexosediphosphate ->2 mol. phospho- 
triose 1 mol. phosphoglyceric acid 
4-1 mol. phosphoglycerol 

CH 2 (0-P0 3 H 2 )-CH(0H)-C00H 

CH 3 (Q-P0 3 H.VCH(QHVCH s -QH 

They did not identify the phosphoglycerol, but 
showed that, although it was itself scarcely 
affected by minced muscle, when it was added 
to this along with phosphoglyceric add, prac- 
tically the whole of both compounds was con- 
verted into lactic acid and H 3 PO,. Embden 
assumed that in this reaction the pyruvic acid 
originating from the phosphoglyceric acid was 
reduced to lactic add whilst the phosphoglycerol 
was at the same time oxidised to phosphotrioes. 

Pyruvic add-f phosphoglycerol -> lactic add 
-r phosphotriose. 

The latter again passed by dismutation into a 
mixture of phosphoglyceric acid and phospho- 
glycerol and so on until the whole was converted 
into lactic acid H 3 PO t . 

1 mol. hexosediphosphate -j- 2 mol. phospho- 
triose — v 1 mol. phosphoglyceric add-f-l mol. 
phosphoglvcerol ->2 mol. lactic acid4-2 moL 

h 3 po,.“ * 

The production of phosphoglycerol was 
definitely established almost simultaneously 
with Embden's publication by Meyerhof and 
Kiessling (Biochem. Z. 1933, 2*64, 40) who had 
approached the subject from a different direc- 
tion. It had been found that pyruvic acid could 
be isolated in large amount when the decom- 
position of carbohydrate by muscle extract was 
carried out in presence of sodium sulphite as a 
fixation reagent (Meyerhof and McEachem. 
ibid. 1933, 260, 417). Search for the com- 
plementary reduced compound showed that it 
was phosphoglycerol. 

After the untimely death of Prof. Embden 
(25.vii.1933) the further study of this branch 
of the subject was carried out mainly by 
Meyerhof and his colleagues, whose chief 
contributions are summarised below without 
any attempt, however, to record them in strictly 
chronological order. 

The mechanisms of the changes involving 
phosphorylation or dephosphorylarion and of the 
oxido-reductions which occur are discussed 
later on in connection with the function of the 
co -enzyme. 


L The Pbodectiox of Phosphoglycekic 
Acid axd Phosfhoglyceeol fp.oji Hexosedi- 
phosphate. — This fundamental change can 
readily be experimentally realised either in 
muscle extract, as mentioned above, or in yeast- 
maceration extract, in the presence of sodium 
fluoride (Q-05JLT), the function of which is to 
inhibit the further change of the phospho- 
glycerie acid (Meyerhof and Kiessling, ibid. 
1933, 267, 40, 313), and thus to allow the 
products of the reaction to accumulate. Further 
analysis has shown that, as presumed by 
Embden, the reaction takes place in two stages*: 

(а) Decomposition of hexosediphosphate into 

two molecules of phosphotriose. 

(б) Dismutation of the phosphotriose into a 

mixture of phosphoglyceric acid and 

phosphoglycerol. 

Hexosediphosphate added either to dialysed 
muscle extract or to dialysed yeast-maceration 
extract is decomposed into two molecules of 
phosphotriose, an equilibrium heing very 
rapidly attained (in a few seconds) (Meyerhof 
and Kiessling, ibid. 1933, 267, 313 ; Meyerhof 
and Lohmann, ibid. 1934, 271, 89). 

1 mol. hexosediphosphate ^ 2 mol. phospho- 
triose. 

The phosphotriose was now found to consist 
almost entirely of phosphodihydroxyacetone, 

CH 2 (0P0 3 H 2 )-C0-CH 2 -0H 

The nature of the change has been proved, 

(а) by enzymic conversion of both natural and 
synthetic (Kiessling, Ber. 1934, 67 [BJ, 869) 
phosphodihydroxyacetone into hexosediphos- 
phate (Meyerhof and Lohmann, 1934. l.c.), and 

(б) by the preparation of phosphodihydroxy- 
acetone from hexosediphosphate in presence of 
bisulphite as a fixative at 60°, so that almost 
complete conversion of the hexosediphosphate 
occurs and large quantities of pbosphodi- 
hvdroxyacetone can be obtained (Meyerhof and 
Lohmann, Biochem. Z. 1934, 273, 413). 

The enzyme concerned was termed by 
Meyerhof zymokexase, but is now known as 
aUola-sz (see p. 26 ) ; no dialysable co-enzyme is 
required for the reaction. 

The decomposition of 1 mol. of hexosedi- 
phosphate into 1 mol. each ofphosphoglyceralde- 
hvde and phosphodihydroxyacetone was postu- 
lated by Embden and his colleagues as an 
intermediate stage in the production of phospho- 
elvceric acid. 

^ It has been proved experimentally that the 
reaction takes place in this manner and that 
the preponderance of phosphodihydroxyacetone 
actuallv observed in the product is due to the 
presence of an enzyme (phosphoglyceraldehyde 
midase) which accompanies zymohexase and so 
rapidlv converts phosphoglyceraldehyde almost 
completely into phosphodihydroxyacetone that 
the phosphoglyceraldehyde cannot be isolated 
(Meverhof and Kiessling, Biochem. Z. 1935, 
279* 40). 

Starting with pure phosphoglyceraldehyde 
the change is so rapid that it is alm ost complete 
before any hexosediphosphate is produced by 
the zymohexase also present. 
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When hexosediphosphate is decomposed by I 
zymohexase m the presence of phenvlhydrazme 
as a fixative, the hydrazones 

CH,(0 POjHj) CH (OH) CH N NHPh 


From the change of the value with the 
temperature the heat of reaction can bo calcu 
lated from van’t Hoff e equation 


-Q=RT«- 


and 

CHj(0 POjH,) C N NHPh CH, OH 

arc formed so rapidly that the isomerisation of 
the phosphoglyceraldehyde is prevented The 
mixed hydrazones can be decomposed by 
bcnzaldehyde, and the resulting mixture contains 
60% of each of the two phosphot noses (Meyer 
hof Bull Soc Chim biol 1938, 20, 1033, 
1045. 1939,21,965) 

The reaction as it occurs in yeast and muscle 
preparations may therefore be formulated as 
follows the reverse change of phosphodi 
hydroxyacetone to phosphoglyceraldehyde takes 
place during the synthesis of hexosediphosphate 
from the phosphotnoses 
Hoxosedipliosphate ^ 

Phosphodihydroxyacetone 

+ 

Phosphoglyceraldehyde 

Phosphodihydroxyacetone 

The two phosphotnoses are distinguishable 
chemically by their behaviour towards iodine m 
alkaline solution Both the original substances 
are readily hydrolysed by N alkali at room 
temperature, yielding lactic and phosphoric 
ncid«, and are hydrolysed by A HCI at 100° to 
phosphoric acid and mcthylglyoxal On treat 
mcnt with iodine the pliosphogly ceraldehj do 
is oxidised and the product is no longer hydro 
lysable by alkali in this way, whereas the 
phosphodihydroxyacetone is unaffected by 
iodine 

The enzymic equilibrium between hexosedi 
phosphate and phosphodihjdroxyacetono has 
been very thoroughly studied by Me} erhof and 
his colleagues (Meyerhof and Lohraann, Biochem 
7 1931,271,89, Meyerhof, «iid 1935,277,77) 
The equilibrium constant 

j. [Phosphodihydroxj acetone] 1 
[Hexosediphosphate] 

varies greatly with the temperature, and has the 
values shown below 

Temp *C KxlO* 

-7 018 

20 1 5 

40 2 7 

70 22 

High temperature favours the conversion into 
the j>hosphotno«e At 20° the molecular pro 
portions of the compounds are almost equal, 
33% of the phosphorus being present as phospho 
tno«e and 67% as hexosediphosphate 
By the use of the value of K for this equih 
bntim, the amount of hexosediphosphate present 
in an enzymic equilibrium mixture can bo cal 
cu lated from the amount of phosphate set free 
bv alkaline hydrolysis in the cold (phosphodi 
hvdroxj acetone) (<■/ Meyerhof and Kieashng, 
♦inf 1035.2S3.89) b 


and is found to be —13,000 g cal in good 
agreement with that actually measured 
(—14,000 g cal ) (Meyerhof and Lohmann, i bid 
1934, 273, 73) 

Meyerhof has further found (Meyerhof, 
Lohmann and Schuster, ibid 1936, 286, 301, 
319) that the action of zymohexase in breaking 
or budding up the carbon chain of hexosedi 
phosphate is a particular instance of the action 
of an enzyme, termed by him aldolase, which 
specifically catalyses the condensation of 
phosphodihydroxyacetone with aldehy des, e g 

Phosphodihydroxyacetone + acetaldehyde^ 
methyltetrosephosphate 

Phosphodihydroxyacetone + glyceraldeliyde 
fructose 1 phosphate 

but has no effect on a mixture of phospho 
glyccraldehyde and dihydroxyacetone, or of 
dihy droxyacetone and glyceraldehyde, etc 

Aldolase (zymohexase) occurs very widely in 
animal tissues and also in yeast, but is most 
concentrated in muscle, about 1/20 of this in 
yeast and still less m animal tissues other than 
muscle (Meyerhof and Lohmann, ibid 1934, 
273, 413) 

(b) Dismutation of Phosphotnose into a 
Mixture of Phosphoglycerol and Phosphoglyceric 
Acid — This change, which is orfte of the funda 
mental reactions of Embden s schemo, can most 
easily be formulated on chemical grounds as 
proceeding by way of phosphoglyceraldehyde, 
and in view of Meyerhof s work, it seems 
probable that it actually occurs in this way 
2CH,(C PO s H 2 ) CH(OH) CHO+H,0 
phosphoglyceraldehyde 
=CH,(0 POjHj) CH (OH) COOH 
rhosphogjyceric acid 

•f CHj(0 POjHj) CH(OH) CH, OH 
Phosphogtycerol 

The dismutation requires the presence of 
co zymase It is not affected bv sodium lluonde, 
but is completely inhibited by 0 006 M lodo 
acetic acid (Meyerhof and KiesslnTg, ibid 1933, 
267, 317) 

The reaction occurs with either hexosedi 
phosphate or phosphotnose in fluoride con 
taming yeast maceration extract, or muscle 
extract When synthetic dl phosphoglyceralde 
hyde is used only the {+) component, which 
alone is fermentable by yeast (Smythe and 
Genscher, ibid 1033, 260, 414), undergoes the 
change 

Expenmentally stoichiometric equivalence 
is not as a rule strictly realised, phosphoglyceric 
acid usually preponderating to a greater or less 
extent over phosphoglyccrol 

If acetaldchy do be added to the mixture, tho 
aldehyde is reduced to alcohol and a corre 
s ponding equivalent of phosphotnose is oxidised 
to phosphoglyceric acid In presence of both 
aldehyde and glucose (and inorganic phosphate) 
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s considerable amount of esterification occurs 
and the amount of phosphoglyceric acid obtained 
may be greatly in excess of the phosphotriose or 
hexc-sediphosphate taken (see later). 

H- Hzcohposxuok of Phosfhogltcfsic 
Acm. — It has been shown by Meyerhof that this 
decomposition is accomplished by max of a 
series of reactions involving (a) isomerisation of 
phosphoglyceric acid; (6) conversion of 2- 
phosphoglyceric acid into 2-phosphopymvic 
acid ; and (c) decomposition of phospho pyruvic 
add. 

(a) Isomerisation of Pr.ospr.cgUjceric Acid 
(Meyerhof and Kiessling, ibid S 1935, 276. 239). 

The phosphoglyceric acid formed by the 
dismntarion or oxidation of phosphotriose in 
muscle or yeast extract is a mix ture of the two 
optically active isomers, 3-phosphoglyceric 
acid [cjp —I4-d~ ana 2-phosphozIvceric acid. 
[c3d ri24-3h 

The acid barium salt of the 2-add is more 
readily soluble than that of the 3-add, so that 
they can be separated and isolated from, the 
mixed prodnet obtained by the action of finoride- 
containing extract of yeast or musde on hexose- 
diphosphate, acetaldehyde and glucose. 

When the salts of the pure isomers are added 
to dialysed musde extract (containing fluoride 
to prevent the formation of phosphopyrovic 
acid), an equffibrium is very rapidly set up, a 
spedSc enzyme, pr. osphoal vczrorr. uia ;e, being 
present in the extr act. 

3-PhosphogIycsrfc add?=2-Phosphoglyceric add 


Temp. -C. 

E 

S-phospho- 

gfveerte 

add. 

e-- 

sQ 

2-phospho- 

plvcenc 

acid. 

% 

20 

4-7 

S2-5 

17-5 

28 

3-S5 

79-3 

20-7 

60 

2-3 

70 

30 


The equilibrium is very sensitive to tempera- 
ture as shown by the change in K as given 
above. 

The same equilibrium is set up when the 
synthetic cT-phosphoglyceric adds (Kiessling. 
Ber. 1935, 6S (BT. 143) are used, hut in this 
case the equilibrium is between the naturally 
occurring isomers, tbe (-isomers being unaffected. 
This observation has led to a new type of bio- 
logical resolution of a e7-mixture (Meyerhof and 
Kiessling. Biochem. Z. 1935. 276, 239). 

(6) Conversion of 2-Phosp hoalvceric Add into 
Pr.o-p l .o-(cr.d)-pyrt:dc Add . — When a phoxpbo- 
glycerate is added to dialysed or inactivated 
musde extract or to dialysed yeast-maceration 
extract, in addition to the eqtdlibnuin between 
3- and 2-phosphogIyceric acids a second equili- 
brium is set up between 2-phospboglyceric add 
(30%) and phospho-(enol)-pyruvic add (70%) 
(Lehmann and Meverhof, Biochem. Z. 1934. 
273. 60). 

Pr-osphopyradc add can be separated iron the 
phosphoglyceric adds by means of its more 
soluble Ba salt, and it forms a crystalline AgBa 
salt. The synthetic add. prepared by Kiessling 
(Ber. 1935, 6S [Bi, 597) by the action of POCI 3 
on pyruvic add dissolved in quinoline, has the 
same properties as the add isolated from muscle 
extract. 


It is completely hydrolysed to pyruvic and 
phosphoric adds by A'- H Cl at 100' in *10 minutes. 
HgCIo added to its aqueous solution decom- 
poses it very rapidly into phosphoric and 
pyruvic adds. It takes up 6 atoms of iodine in 
alkaline solution, as does pyruvic add. forming 
iodoform and phosphoric’ add. It probably 
has the constitution 

CH.:C(OPO,H 2 )COOH 

The eqtdlihrinm between 2-phosphogIyeeric 
add and pbospbopyruvic acid is complicated by 
the fact that in muscle and yeast extracts the 
isomeric 3- and 2-phosphoglyceric acids also 
exist in enzymic equilibrium. However, tbe 
enzyme (enclose) which catalyses the phos- 
phopymvic equilibrium can be obtained bv 
adsorption on charcoal almost free from tbe 
phosphoglyceromutase ( Akp.n o, Biochem. Z. 
1935, 280, 110), so that starting with phos- 
phopymvic add practically no formation of 3- 
phosphoglyeefic acid occurs. In these circum- 
stances the equilibrium between 2-phospbo- 
glyceric add and phosphopyrovic add is found 
to be almost independent of temperature (in 
contrast to that between the isomeric phospbo- 
glyceric acids). Tbe constant K=2-3 so that 
in equilibrium 70% of pbospbopyruvic add and 
30% of 2-phosphoglyceric add are present. 

Where both enzymes are present, as in dialysed 
musde or yeast extract, the final equilibrium 
depends on the temperature. At 2S C tbe 
equilibrium mixture contains 3-phosphoglyceric 
add 55-2%. 2-phosphoglycerfc acid 13-S%. 
phosphopyrovic add 31%. 

Starting with 2-phosphoglyceric add there is 
usually a rapid formation of phosphopyrovic 
add, and the amount of this then gradually 
diminishes as the conversion of 2-phospbo- 
glyceric acid into the 3-isomeride proceeds. 

The reaction is completely inhibited by sodium 
fluoride but not by iodoacetic add. It does not 
require a aialysable co-enzyme. 

(c) Decomposition of Phasphopprudc Add . — 
Both phosphoglyceric and phosphopyrovic adds 
are readily decomposed by musde extract 
yielding pyruvic add and phosphoric add, 

CH.:C(0-P0-H.)-C00H-gH,0 

' '^HjPOj-fCH-j-CO-COOH 

provided that the co-enzyme system consisting 
of adenylic add and Mg is present, and this 
reaction forms an essential part of the schemes 
of fermentation of Embden and Meyerhof. The 
fate of the phosphoric acid and the mechanism 
of dephosphorylation are discussed later on. 

In untreated yeast-maceration extract, con- 
taining the co-enzyme system, the same change 
occurs” but the pyruvic acid is further decom- 
posed into acetaldehyde and CO,. This de- 
composition of phosphopyrovic add is r.ot 
affected either by iodoacetic add or sodium 
fluoride, whereas as mentioned above, the con- 
version of phosphoglyceric into phosphopyrovic 
acid is completely inhibited by sodium fluoride. 

m. Kedpctiok of Pvr.rvic Actd rx Mcscrr. 
Exrsxcr a>t> of Achtaldi:kvdv rx Ync c r 
Pf. ft a~-ati O xs . I. Lactic Add Fc~ra!to-. f~. 
Ji[vsd' Eri'aci . — It va= found bvEmlden (1933) 
that the reduction of pyruvic aci 1 to lactic 
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acid in muscle pulp was duo to reaction with 
phosphoglyccrol, a phosphotrioso being probably 
formed intermediately 

Abundant confirmation that this reaction can 
occur was supplied by the experiments of Meyer 
hof and Kiessling, who in 1933, following 
Embden, summed up the changes, commencing 
with pliosphoglyceric acid as follows (ifnrf 1933, 
264, 40) 

rhosphoglyccnc acid -> Pyruvic acid+H s P0 4 
Pyruvic acid + Phosphoglycerol 

-*2 mol Lactio acid+HjPOj 
Both these changes require the presence of a 
co ferment system These reactions will bo 
further discussed on p 34 
2 Alcohol Formation tn least fxtract — - 
In alcoholic fermentation the changes appear 
to bo identical with thoao just described for 
lactic acid production as far as tbo production 
of pyruvic acid In yeast preparations this is 
decomposed by the carboxylaso into acctaldc 
hyde-f CO, 

The aldehyde is then reduced by interaction 
with phosphotrioso (Meyerhof and Kiesshng 
t bid 1933, 267, 313) which is simultaneously 
oxidised to pbosphoglycenc acid 
I’hosphotrioso+ncctaldehydo+ H ,0 

-* Phosphoglyecnc acid+ alcohol 
This reaction is inhibited by lodoacctic acid 
but not by lluonde Its mechanism is discussed 
later (p 32) In tho rapid production of lactio 
acid from glucose in musclo extract in prcsenco 
of phosphate (and hcxokinnso), however, pyruvic 
acid reacts with phosphotrioso not pnospho 
glycerol, lactic acid and phosphoglyecnc acid 
being produced (along with an equivalent amount 
of hcxoscdiphosphato), as In tho analogous 
chango in alcoholic fermentation (p 31) 
Tyruvic acid can also react with hoxosediplios 
phato (by way of phosphotrioso) in prcsenco of 
NaF, lactic acid and phosphoglyecnc acid being 
formed 

IV Fquatiors of Alcoholic I ermenta 
W VI \XLI.CT PsJE.VMMKV&y.t. — TVft. VM.lV/OTfl 
just discussed can bo expressed in a simple senes 
of equations winch give a quantitative account 
of tho decomposition of hcxoscdiphosphato alone, 
or in presence of glucose, by yeast preparations 

1 Hexo9cdipliospliatc?i2 Phosphotrioso 

2 2 Fhosphotnose+2 Acctaldehydo -*-2 Phos 

phoglycenc acid 4- 2 Alcohol 

3 2 Phosphoglyecnc acid -> 2 Pyruvic acid 

+2H,P0 4 

4 2 Pyruvic acid -*-2CO,-f 2 Acetaldehyde 
in presence of glucose tho H s P0 4 of cquatto«3 

is not liberated in the free stato but is transferred 
to glucose ulti match forming hexosediphos 
phate, which la then decomposed as in equation 
1, and this senes of changes usually continues 
until all tho glucose has been fermented If tho 
amount ofco zymase present becomes insufficient 
for tbo fermentation of glucose whilst sufficient 
Is present for the fermentation of hexosedi 
phosphate (p 19), inorganic phosphate may 
accumulate even in presence of glucose 
All these reactions proceed very slowly 
pared with tho rate of fi mentation of glucose 
m presence of pliosj hate, and this is In agreement 


with tho observed fact that tho fermentation 
of hcxoscdiphosphato is a relatively slow process 
(Meyerhof and Kiessling, i!nd 1935, 281, 249), 
its rate of fermentation being only 3-5% and 
those of phosphoglycenc and plioaphopyruvic 
acids only 10-15 and 15-20% respectively of 
that of glucose in tho presence of phosphate 
Further progress was made by Meyerhof and 
Kiesshng [ibid 1935, 281, 240), who observed 
that when tho fermentation of phosphopyruvic 
acid was carried out in tho presence of glucose 
and phosphato, tho reaction was modified 

(а) Tho rnto of fermentation was groatly in 

creased and became equal to or groater 
than that of glucose m tho presence of 
phosphato 

(б) The phosphoric group of tho pliospho 

pyruvic acid appeared to be transferred 
to glucose forming he xosed iphosphate 
(c) A second molecule of glucoso became 
cstenfied at tho expense of tho inorgamo 
phosphate and was decomposed into 
COj and alcohol 

Tho mechanism of tho reaction was discovered 
by carrying out the fermentation in presence of 
NaF. Under theso conditions tho second mole 
cule of glucoso was converted into phospho 
glyceric acid nnd not further changed 
Tho reaction under theso conditions, * e in 
presence of NaF, may therefore he expressed by 
tho two equations 

(5a) 2 mol Phosphopyruvio acid + 1 mol 
Glucoso -v 1 mol Hoxosediphosphate 
+ 2CO, + 2 mol Acetaldehyde, 

(6 1>) 1 mol Glucoso + 2 mol Acetaldehyde 
+ 2 HjP 0 4 -*lmol Hcxoscdiphosphato 
+ 2 mol Acctaldehydo ^ 2 mol Phos 
photrioso + 2 mol Acctaldehydo -»■ 2 
mol Fliosphoglycerio acid + 2 mol 
Alcohol , 
or summarised 

(5) 2 mol Fhosphopyruvio acid + 2 mol 
Glucoso+2H tr P0 4 -*2CO v b2mol A1 
coliol + 2 mol rhosphoglyeerio acid 
+ 1 mol Hoxosediphosphate 
In prcsenco of lodoacctic ncul which com 
pletely inhibits tho oxido reduction of phos 
photnoso nnd acctaldehydo but docs not 
inhibit tho decomposition of either phospho 
glyceric acid or phosphopyruvio acid, tho 
reaction also proceeds at the high rate but 
takes the form 

2 mol Phosphopyruvic acid+ 1 mol Glucoso 

-*• 2CO t +2 mol Acetnldeliyde+1 mol 
Hcxoscdiphosphato 
The essential point seems to bo tho phosphoryl 
ation of tho extra molecule of sugar, ami it is 
only when this occurs that tho high rate of 
reaction is attained F xpenments with different 
sugars and their derivatives show that the rates 
of fermentation of phosphopyruvio acid in 
presence of NaF and of phosphoglyecnc and 
phosphopyruvic acids in presence of iodoacetic 
acid are intimately bound up with the rate of 
esterification and fermentation of tho added 
substance Thus fructose glucoso and mannose 
all give a largo Increase, hexoseraonophosphate 
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akrerer one, glycogen a still lower one; galactose 
s , v , e ;-' * 0Tr increase, dihydroxyacetone and 
P^nehvde a still lower one, and mannitol 
■vrmcti is non-fermentable onlv a trace of increase 
over phosphopyrnvic add’ alone. These 
ceases correspond with the rates of fermenta- 
tion of the added substances in the absence of 
inhibitants. 

These results were embodied bv Meverhof and 
Krsshng (ibid. 1935, 281, 249) in a new scheme 
O- fermentation which has now been modified 
ss the result of a further analysis of the in- 
divraual reactions. This has been rendered 
posable by the use of a restricted system of 
cirymes in which not only were pure co-enzvmes 
csed^but the a po -enzymes were also partially 
purified. Warburg and Cnristian devised a 
fermentation system of this kind (ibid. 1936, 
2S7j 291) for testing the efficacy of co-zvmase 
(Co-dehydrogenase I). 

To a solution containing hexosemonophos- 
phate (Robison fermentation ester), inorganic 
P— osph^te and acetaldehyde the following 
additions are made ; , 

(c) Two ‘'specific proteins ” (apo-enyzmes), A 
and B, prepared by Xegelein (ibid. 
1936, 2S7, 329) from yeast-maceration 
extract- by precipitation first with acetic 
acid (A) and then with acetone (B). 

(b) Adenylpyrophosphate and co-dehydro- 

genase I. 

(c) Mg ions (Mn ions are possibly also neces- 

sary ; NH, ions are present in the veast 
preparation A). 

A coupled reaction then occurs, which wus 
interpreted in the following way (a different 
interpretation is given bv Meverhof and his 
colleagues, p. 30) : 

1- Hexosemonophosphate A 2 Acetaldehyde 
vH.O -5-Pyruvicacid-r-PhosphogIvceric 
add-f 2 Alcohol; - 

2. Hexosemonophosphate4-H„PO. t 

-a. HexosediphosphateA H . O ; 

or summonsed : 

3. 2 Hexosemonophosphate-f-2 Acetaldehvde 

-v 1 Phosphoric add -> 1 Hexosediphos- 
phate A 1 Pyruvic acid A I Phosphorl vceric 
addy 2 Alcohol. * 

. Carboxylase is absent, so that the pyruvic add 
is not further changed. 

* cr t-“- study of this system has been made 
e T erii0 “ Kiessling and Schnlz (ibid. 1937. 
“*7 “’)■ Although glucose is not attacked 
CE_e “ ihese conditions and hexosediphosphate 
only very slowly, a mixture of the two is fer- 
mented even more raoidlv than hexosemono- 
phosphate itself. 

Fisxafo-. of “Prefe/ns” A cr.d B . — It has 
beeniourd that protein A is essential for the 
reaction by which hexosediphosphate is formed 
‘-‘^Bs*erence ot phosphate from phospho- 
li' - *- * *0 ado to glucose or hexosemonophosphate 
F? ^ E( icpylpyroph c-sphate (see it.‘er,p.34 )). 

.. * formation of hexosediphosphate rcouires 
*y presence of protein A. Protein B on the 
haun contains the spo-enrvmes for the 
c. ydrogenase, necessary for the production of 
-exese^onophesphate from inorganic phos- ■ 
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phate, hy way oi adenylpyrophosphate, since 
this reaction is coupled with oxido-rednetion, 
ana far ^ the various enzymes concerned in the 
production o*. phosphopyrnvic add from hexose- 
diphosphate. fT7.cn -protein A is crrr.itled from 
Warburg and Christian’s system, no change 
occurs, as the hexosemonophosphate cannot be 
converted into the diphosphate which is a neces- 
sary preliminary to its decomposition. When, 
however, protein A is omitted from the modified 
system conta ining glucose and hexosediphos- 
phate, the following reaction occurs, the hexose- 
diphosphate and phosphoglyeeric add being 
respectively in equilibrium with phosphotriosi 
and phosphopyrnvic add : 

(c) Hexosediphosphate (^APhosphotriose)y2 
Glucose A 2 H 2 P O 4 A 2 Acetaldehvde = 2 
Phosphoglyeeric acid (^Phosphopyrnvic 
add) A 2 Hexosemonophosphate — 2 
Alcohol. 

This shows that the origin of the phosphoglyeeric 
add in this reaction (and of the pyruvic acid 
formed from it in reaction (6) ( Idcnr )) is the 
hexosediphosphate and not the glucose. NaF 
makes no difference except that it inhi bits the 
equilibrinm between phosphoglyeeric acid and 
phosphopyrnvic add. If protein A be note 
added, a further reaction occurs : 

(b) 2 Phosphoglyeeric add (gAPhosphopyruvic 

add) A 2 Hexosemonophosphate = 2 
Pyruvic add-f-2 Hexosediphosphate. 

The sum of these two reactions (aAb) represents 
the rapid fermentation in presence of glucose 
and hexosediphosphate in the restricted system. 

a — b) Hexosediphosphate A 2 Glucose 
A2H 3 PO A 2 Acetaldehyde = 2 Alcohol 
A- Pyruvic acid A 2 Hexosediphosphate. 
In the unrestricted system, the pyruvic add is 
decomposed and the summarised equation 
becomes : 

(c) Hexosediphosphate-r2 GIucoseA2H 3 PO x 

=2CO. A 2 Alcohol A 2 Hexosediphos- 
phate. 

These observations are borne our by many 
others on the effects of varying the nature and 
quantity of the subsiraf es present and have been 
embodied by Meyerhof in his latest scheme of 
fermentation (Meyerhof. Kiessling and Schulz, 
ibid. 1937. 292. 25. 65 ; see clso Meyerhof. 
Ergebn. Physiol. 1937. 39, 10). 

The main features of the scheme (p. 30) 
are the following : 

1. The substance broken down to 3 -carbon 
compounds is always hexosediphosphate. Tho 
breakdown occurs in the way already described 
bv wav of pbosnbotrfose, etc. This follows 
directly from the experiments with the restricted 
fermentation system. Further proof is afforded 
bv the fact that when the glucose of the modified 
fermentation test is replaced by creatine 
(Adialvsed muscle extract) the formation of 
p\mvie acid, the only possible source of which 
i/ the hexosediphosphate. proceeds at the u=unl 
high rate. The cn’.tir.e not only accepts the 
phosphate from the pho=phopyruv;c arid formed 
intermediately, hut* afro takes up an equal 
quantity of inorganic phosphate, this reaction 
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and tie yield is poor; the dibrorr.idz is a 
HO-GEPn.-O-GePn.^ colourless micro crystallize ponder, nap. 228% 

, The corresponding propionyiacetane derivatives 

HO-GePn.-O-GePhj have also been obt ain ed 

. . , , . . , . With copper acetvlacetone gentianfc chloride 

£ -,V%f gives tmsrable complex intermediate products 

fi.onophenyl Derivatives. ~ — * ■ • vhich resolve on crystall is ation into genr.ar.iv n 

pzrrzcr.v-ir. tr.crJori^z, PhGeCij^ u pre- tri-acekydccedane capracfJorids (II), colourless re- 
parect v o) b_. heating GeCl^ ana GePh 4 trnaer ~ c tive prisms, imp. 147-145% The analogous 
pressure, to) cv heating GeCI^ ana mercury c’lprcbroTr.ide. is obtained in a like manner but 
aig_euyl at I- 1 / in xy.ene and (c) by heating j, accompanied bv a dicnprobromide, 
mcooenzeue with Cs[GeCUJ at 250". It is a 

colourless liquid, b.p. 105-1 C6%12 mm .; the [Ge(C,H ; 0 2 U]Cu 2 Br,. 

trlcrar.idz toils at 120-I22%13 mm. while the 

iriicdidz is a solid. m.p. 55-50". Hydrolysis of .CCCHJ-O. 

these leads either to p terq, IciTir.cr.or.ic ccld, [(CH. _..)»GeX 2 ] 

PhGeOOH, or rts anhydride. C{CH,):0 


cKpThrorr.ide is obtained in a like manner but 
is accompanied by a dicnprobromide, 

[Ge(C s H ; 0„)3jCu 2 Br,. 




X 'C(CH,}:0 / 

L 


>) s GeX 2 J 


POUT GZSI r i -V TT-"- P HXyvT g. 

Hexaphenylaigermane, Ph 3 Ge — GePh 3 . — r/rp/^ CH!l ' 0 \ r „ 7r , I>r 

Formed during the prolonged action of PhMzBr U - \ n ,ru n J - 

cm GeCi 4 or % the electrolysis of PhjGeNa in 

Eauid ammonia, it is nsnaUv obtained by heating H. 

Ph,GeBrurhhscdinffi in xvlene or bv the inter- 

action of Ph.GeNa and Ph,GeF." Colourless x=cl or Br 

microcrystaEine powder, m.p. 340% only 

sEghthy soluble in orzanie solvents. 11 * *-• 1JS - 117 EzrzBSnrczs. 

Octaph enylgerm ancp ro pane, Ph s Ge. * c . tinkler, J. nr. Chem. 1886, [iff, 34, 
Praparea by the action of 2 moL of Ph,G_eNaon 2 _ c Wi3 v] £ - ,-g/J. 1SS 7, frfj. 36. 196. 

1 moh of Ph.GeCI. in warm benzene ; it .ornm 2 _ ^ Pettersson, Z. phvsikaL Ci 

co:o^rles~ pistes from chloroform, m-P- < -2=5 , 7 g-y ^ 2034. 

and is stable towards moisture. 51 __ _ r 4 Kruss and Xlson. Her. 18S7, 20, 1696. 

Sodium in xylene reacts with aipnenyiger- . Voezelem Z. anorz. Chem. 1902, 30, 32 


=CI or Br 
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NiAsS, .crystallised in the cubic system. The 
nickel (35-4% according to the formula) is 
usually partly replaced isomorphously by iron, 
and less often by cobalt. Analyses show Ni 
16-24-35-97%, with Fe nil-16-64 and Co nil- 
14-12%. Crystals are usually octahedral in 
habit, and they show good cleavages parallel 
to the faces of the cube. The colour is- steel- 
grey with metallic lustre, but usually the 
material is tarnished and dull black ; the streak 
is greyish-black. Sp.gr. 5 -6-6 -2 ; hardness 5. 
The- mineral occurs in metalliferous veins, and 
has been recorded from several localities in 
central Europe ; also from Loch Fyne in Scot- 
land, Sudbury and Cobalt in Ontario, etc. 

L. J. S. 

G ES N ER I N . The flower petals of Gesnera 
fuJgens contain an anthocyanin which is unique 
in that it is directly related to the flavones rather 
than to the flavonols. It has been studied by 
G. M. and R. Robinson and Todd (J.C.S. 1934, 
809) who, although unable to isolate the antho- 
cyanin because of lack of flowers, have shown 
that gesnerin is 5-gIucosidyIapigeninidin (HI). 
The pigment was extracted from the petals by 
means of hot 0-2% HCI, after rejecting the 
darker bluer-red portions. A long and tedious 
purification afforded a solution of the antho- 
cyanin, which showed properties identical with 
those of a synthetic preparation. 2-O-Tetra- 
acetyl-/S-gIucosidylphIoroglucinaldehyde (I) con- 
densed with 4-hydroxyacetopkenone (H) .by 
means of HCI in dry ethyl acetate afforded an 
acylated anthocyanin, from which (HI) was 
obtained by treatment first with NaOH and 
then with HCI. 
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The experimental evidence m favour of the 
above hypothesis is as follows Wohler and 
Theodorovits (Ber 190o, 38 1345) found par 
aldehyde to be a more suitable agent than alcohol 
for the preparation of fulminates and the for 
mation of methylnitrolic acid from tsomtroso 
acetic acid has been accomplished by Ponzio 
( J C S 1903, 84, I, 453), W r ieland has prepared 
mercuric f ulm inate from methylnitrolic acid (» 
supra ) , and lastly by treating fulminic acid w ith 
nitrous acid Palazzo {ibid 1907 90 I, 489) has 
obtained methylnitrolic acid as one of the pro 
ducts of the reaction 

The older view of Kekul6 as to the constitu 
tion of f ulmini c acid has now been finally 
abandoned and the carbonyloxime formula of 
Nef has taken its place 

Hodgkmson (JSCI 1918, 37, T190 has 
pointed out that mercury fulminate cannot be 
formed in the absence of nitrous acid or a mix 
ture of nitric oxide and nitrogen peroxide he 
therefore, represents the formation and constitu 
tion of fulminic acid by the equation 


CH, ON, 

I + 

HOCH, ON 7 


T \ 

>C=|sK 


0+2H 2 0 


should be stirred with wooden rods The dry 
salt should be transferred on paper shovels, and 
kept m paper or cardboard vessels loosely 
covered, to prevent explosion from friction 
Silver fulminate crystallises in white opaque 
glistening needles scarcely soluble in water, and 
having a bitter metallic taste 
Silver fulminate is an exceedingly dangerous 
body, as it explodes much more violently than 
the mercury salt, by the action of heat bj the 
electric spark, by friction or percussion, or by 
contact with sulphuric acid It even explodes 
in the moist state, sometimes under water, by 
friction with a glass rod It may be rubbed to 
powder in a mortar with the finger or with a 
cork The light accompanying the explosion 
which is best seen m the dark is reddish white 
with a tinge of blue (Liebig) When ignited 
under a pressure of about 2 or 3 mm , it bums 
slowly with a visible flame If silver fulminate 
be thrown into a bottle containing chlorine it 
deflagrates before it reaches the bottom and 
does not fracture the bottle (E Davy) Silver 
fulminate dissolves m hot aqueous ammonia 
and the solution, on cooling, deposits crystalline 
grams of ammonium silver fulminate 
(C NO) 2 (NH 4 )Ag 


Halogen derivatives — The addition of 
halogens to free fulminic acid prepared tn situ 
affords the following additive products in good 
yields CCI 2 NOH, bp 46°/I2 mm , 

CBr 2 NOH,H a O, 

mp 40°, CBr 2 NOH mp 68-9° (Me ester 
by CH 2 N 2 bp 139-141°), Cl 2 N0H,H 2 0, 
rap 62° , CI 2 NOH, mp 69°, the chloro 
compounds are the most and the lodo compounds 
the least stable The initial products of the 
decomposition by heat of these substances 
(130°, 80° and room temperature respectively) 
are the halogenocyanogens and hypohalous 
acids 

Mercuric fulminate or fulminating mer- 
cury (i> Vol IV 536) 

Silver fulminate, FuCmtnaUng silier 
C NOAg 

In preparing this substance 1 part silver is dis 
solved in 20 parts nitric acid of sp gr 1 36 and 
27 parts of 80% spirit of wine added, and 
the whole gentlj heated until frothing sets in 
The liquid is then removed and 27 parts or more 
of spirit added in order to moderate the action 
Silver fulminate separates out on cooling 
(Liebig, Ic , cf Jsef Annalen, 1894 280 308) 
Silver fulminate is not formed, as was stated 
by Liebig (Annalen 1833, 5, 287), when nitrogen 
tnoxido is led into an alcoholic solution of 
silver nitrate (Divers and KawaLita, JCS 
18S4, 45 27), but is only produced by the 
euergetic oxidation of alcohol bj nitric acid in 
presence of silver nitrate Great caution must 
be exercised in the preparation of this substance 
Capacious vessels should be used, to prevent the 
liquid boiling over and the formation of a 
crust of the drv exj losne salt on the outside, 
all flame must bo kept at a distance, lest the 
vapours should take fire, and the mixture 


This salt is sparingly soluble in water, and ex 
plodes with much greater violence than the 
silver salt, even uqder liquid, when touched with 
a glass rod (Liebig) Aqueous solutions of the 
hydroxides of the metals of the alkalis or alkaline 
earths, or of the sulphides or chlorides of the 
alkalis, yield similar double salts when boded 
with silver fulminate Copper or mercury can 
displace sdver wholly or in part from silver ful 
minate Zinc, even on boding for several dajs 
displaces only half of the silver, forming silver 
zinc fulminate The normal zinc salt is pre 
pared by the action of zinc on mercuric ful 
minate By acting on this salt with baryta 
water, and exactly precipitating the barium from 
the zinc barium fulminate thus produced with 
sulphuric acid, zinc hydrogen fulminate is ob 
tinned By saturating this salt with metallic 
bases, many double salts of zinc fulminate are 
obtained 

Silver fulminate with triphcnylmethyl chloride 
m benzene gives tnphenylacetonitrile oxide 
CPh, C N O, m p 163°, which with HCI 
gives tnphenylacethydroxamyl chloride, 
CPhjCCINOH.mp 178-180° (Wieland and 
Rosenfeld Annalen, 1930, 484 236) 

Cadmium fulminate, Ca(CNO)j lsaWluto 
powder, stable when dry, but readily decora 
posed by water, in which it is very soluble Jt 
is one of the most violent explosives and >3 
nearly as sensitive to shock and heat as mercury 
fulminate Thallous fulminate becomes 
yellow on exposure to light, and is the roost 
susceptible of all known fulminates to shock and 
increased temperature, but the heat of detonation 
is not high, anil its explosion is not violent 
Cuprous fulminate is insoluble in water, an * 
is almost as violent an explosive as ladmiurn 
fulminate although not so sensitive to «bork 
(L W6hlcr and Martin, Ber 1917, 60 580) 

Fulminic acid gives rise to a series of poly 
> mcnsstion products (v I ulmdutbio Acids) 
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FULMINURIC ACIDS, C 3 H 3 0 3 N 3 . 
Fulminuric acid . — This compound was discovered 
independently by Liebig (Annalen, ISoo, 95, 
282) and by Schischkoff ( ibid . 1856, 97, 53; 
1857, 101, 213). Its salts are produced by bod- 
ing a solution of a metallic chloride or 'iodide 
with water and mercuric fulminate : 

4C ^N0H-rH 2 0=C 3 H 3 0 3 N 3 -f C0 2 -f-NH 3 , 
60-75 g. of well-washed mercuric fulminate are 
boiled with 7O0-SQO c.c. of water, 60 c.c. of 
saturated ammonium chloride solution are then 
added, and the mixture is heated to the boiling- 
point. As soon as a yellow deposit of oxydi- 
mercuric ammonium chloride separates, the 
flame is removed, and ammonia added until all 
the mercury is precipitated. The solution is 
filtered, and the filtrate is evaporated, yielding 
crystalline ammonium fulminurate, which is 
purified by recrystallisation. This is converted 
into the basic lead salt by treatment witb lead 
acetate; removal of the lead witb H,S and 
evaporation yields an indistinctly crystalline 
mass, which gives colourless prisms of fulminnric 
acid from alcohol. The silver salt may be 
decomposed by hydrochloric acid to yield free 
fulmmuric acid. Another method is Ulpiani’s 
(Gazzetta, 1905, 35, (ii), 357); snccinamide- 
dinitrosoperoxide, obtained by the action of 
fuming HN0 3 upon ethyl aeetoacetate, and 
subsequent treatment with concentrated am- 
monia, yields an acid proved to he identical 
with the fulminuric acid of Liebig, together with 
^-tsofulminuramide ; the latter yields fi-isa- 
fulminuric acid on hydrolysis (v. infra). Ful- 
minuric acid decomposes on heating with slight 
deflagration at 145° (Steiner, Ber. 1S72, 5, 381) ; 
heating with dilute acids or alkalis decomposes 
it into oxalic acid, ammonia and carbon dioxide. 
2fef (Annalen, 1894, 280, 329) regards it as 
nitrocyanoacetamide, 

NC-CH(NO,)C<^^ 

Ulpiani (Gazzetta, 1912, 42, i, 390) represents it 
as the mono-nitrile of isonitromalonamide, as the 
ammonium salt yields nitromalonamide when 
treated, with dry HC1 in alcoholic solution 

H0jN:C(CN)C0-NH 1 -^-H0 2 N:C(C0'NH 2 ) j 

Ammonium fulminurate forms anhydrous 
monoclinic crystals, which blacken on beating 
and give off hydrocyanic acid, ammonia and 
cyanic acid, the two last uniting to form urea 
(Liebig). 

Potassium fulminurate is prepared by the 
gradual addition of 2 parts of mercuric fulminate 
to a saturated solution of 1 part of potassium 
chloride, followed by gentle boiling until the 
whole is dissolved. The liquid is filtered hot 
from a yellowish precipitate, and the 'compound 
of mercuric oxide and potassium fulminurate, 
which separates from the filtrate, is freed from 
mercury by sulphuretted hydrogen. Recrystal- 
lisation from water yields potassium fulminurate 
in long glistening prisms, which decompose with 
incandescence when heated to 225° (Schischkoff, 
l.c.). 

Sodium fulminurate is converted by a mix- 
ture of H»S0 4 and HNO, into trmitro- 
acetonitrile,*C(NO.) 3 CN. i 

Von. V. — 25 


Silver fulminurate may be obtained by heating 
ammonium or potassium f ulmi nurate with silver 
nitrate. It is almost insoluble in cold water, 
but may be re crystallised from boiling water in 
long, very thin needles. When heated with 
concentrated hydrochloric acid in a sealed tube 
at 110 5 , traces of oxides of carbon are produced ; 
one-third of the nitrogen is converted into 
hydroxyiamine hydrochloride, while the re- 
mainder yields ammonium chloride (Ehrenherg, 
J. pr. Chem. 1884, [ii], 30, 55). At 100°, under 
ordinary pressure, the action is complicated. 

The fulminurates of calcium, strontium, 
barium, iron and lead may be obtained fay double 
decomposition from the ammonium or potas- 
sium salts. On heating an ammoniacal solution 
of copper sulphate with fulminuric acid, am- 
monium copper fulminurate, 

C 3 H 2 N 3 0 3 (CuNH 3 ), 

is deposited on cooling in characteristic glisten- 
ing pnrple prisms. 

By passing hydrogen chloride through an 
alcoholic suspension of potassium fulminurate, 
Schischkoff (l.c.) obtained an oil supposed to 
be ethyl fulminurate ; it is not, however, the 
ester, but has the composition C 4 H e EtN0 5 . 
It readily forms additive compounds with am- 
monia and the amines (Ehrenherg, l.c.). Accord- 
ing to Siedel (Ber. 1892, 25, 2756), fulminuric 
acid forms two series of esters, the nitrogen- 
ethyl ester, m.p. 155°, and the oxygen-ethyl 
ester, m.p. 133°; the latter, C 3 N 3 0 2 H 2 -0Et, 
is formed by the action of ethyl iodide upon silver 
fulminurate and when boiled with water is 
converted into desrxnjfulminuric acid, cyano- 
isonitroso-acetamide, 

C 3 H 3 N 3 0 2 =NC-C(:N0H)-C0NH 2 , 
m.p. 184°, a derivative of mesoxalic acid (Nef, 
Annalen, 1894, 280, 331). 

Melafulminuric acid, jsocyanuric acid, 

c 3 h 3 o 3 n 3 , 

is the oxime of isonitroso-iso-oxazolone, 


,CH-C:NOH 
N< I 
x O C:NOH 


(Wieland el al., Ber. 1909, 42, 1346; A nn alen, 
1 1929, 475, 54 ; Ulpiani, Gazzetta, 1915, 46, 1, 1). 
' This is obtained by the spontaneous polymeri- 
sation of fulminic acid (Scholvien, J. pr. Chem. 
1885, [ii], 32, 461) ; it is accompanied by small 
amounts of the tetramer, isocyanilic acid, 
C 4 H 4 0 4 N t , known to be fhroxanedialdoxime, 
HON:HC-C CCHrNOH 

I! II 

N NO 

\o/ 

(Wieland, Annalen, 1925, 444, 7) ; the latter is 
characterised by its conversion into a bright 
red alkali salt* with bo fling alkali. Metaful- 
minuric acid is best prepared by treating chioro- 
formaldoxime, CHCbNOH with a small 
quantity of sodium hydroxide or aqueous 
ammonia in the cold (Wieland and Hess, l.c.). 
The hydrated acid, containing 2 mol. of water, 
melts "at S5-S6 5 , the anhydrous acid at 102°. 

The action of N H 3 upon an ethereal solution 
of chloroformaldoxime yields the ammonium 
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salt of cyanoiaonttroso acetkydroxamtc acid, or 
oxtmtno cya noacethydroxami c acid, 

C a H,OjN a *=>HON C(CN)C(OH) NOH, 
the ammonium salt is decomposed by hydro 
chlono acid, yielding the acid, which crystallises 
from ether m colourless cubes, m p 117-1 18° 
(Nef, Annalen, 18S4, 280, 321) Wieland and 
Hess (2 c) found that 1 equivalent of alkali con 
verts metafuimmuric acid quantitatively into 
the above, which is isolated by the addition of 
acid (it is not reconverted to metafuimmuric 
acid) This reaction goes spontaneously in the 
absence of alkali (Ulpiam, Gazzetta, 1916, 48, 
i, 1), but is accelerated by heat or alkali Cyano 
tsomtrosoacethydroxamic acid can undergo 
further changes m three directions In aqueous 
solution or in organic solvents it is converted into 
an impure form of the syrupy fulminuric acid 
of Ehrenberg (see below) The anhydrous form is 
converted at 70° into a amino /3 nitro iso oxazole, 
CH— C NO, 

ini Anh, 

When allowed to stand in glass vessels m the 
hydrated or anhydrous form, it changes to t to 
fulminuno acid 

Iso/ulromtme acid, C 8 H 8 O s N 8 , is 3 hydroxy 
furazan 4 carboxylamide, 

HO C C CONH, 

A A 

\o/ 

It is best prepared from the mixture of solids 
obtained by the interaction of ammonia and 
chloroformaldoximo , it can also be obtamed 
directly from metafuimmuric acid and ammonia, 
or Na,CO a (1 mol), by heating for a few 
minutes on the water bath , and by the decom 
position of metafulmmurio acid in a sealed 
tube It has m p 202° (decomp ) It is soluble 
in alcohol, acetone and ether On hydrolysis 
with boiling baryta water it yields 3 hydroxy 
furazan 4 carboxylic acid, m p 174° decomp 
(Wieland and Baumann, Annalen, 1912, 392, 
100) These authors have shown that t so 
fulminuric acid is not the direct product of the 
action of NHj upon chloroformaldoxime, or 
upon the cy anoisomtroso acethydroxamic acid 
(see above) of Nef With bases, chloroformald 
oxime loses HC1 to form fulmimc acid, which 
polymerises to metafuimmuric acid, this can 
react further with ammonia, with ring fission 
and simultaneous conversion of the aldoxime to 
the amide group, to give the amidoxime of tso 
mtrOBoznalon&mide 

^CH-CNOH HONCH— C NOH 

\o A NOH H,N A NOH 

H,NOC C NOH 
H,N A NOH 

This is concerted by alkah into the above acid 
of Nef. and also into the compound CjH t O,N, 
of Ehrenberg (2 e ), by dehydration between 
two —NOH groups and addition of NH, 


to the — CN group the compound being 
2 hydro xyfurazan 4 carbonamidine, 

HO C C— C=NH 


h 


\o/ 

Both of these substances are formed by the 
action of NH 3 upon chloroformaldoxime te 
upon metafuimmuric acid They are the pre 
cursors of isofulminunc acid, and are converted 
into this acid by warm ammonia 
In the preparation of isofulmmuric acid from 
metafuimmuric acid by the action of sodium 
carbonate, small quantities of another isomer 
m p 143° (decomp ), are also obtamed This is 
3 hydroxy 4 womtroso tso oxazolommide 
NOH 


HN=C — A — C OH 


i—fc 


/sofulminuno acid is also obtamed by loss of 
CO, from a tetramer of fulmimc acid, pen 
cyamlio acid 

NC C C CH 

NOH llo,H INI OH 

(Wieland and Kitaaato, ibid 1929, 476, 64) 

By boiling furoxanchcarboxylamide with 
water, Ulpiam (Gazzetta, 1912, 42, I, 376) ob 
tamed fulminuno acid and two new isomers, 
/3 and y fulminuric acids The f3 acid is present 
as the amide, m p 176% 

/N H 

HC N\ 


i— = N/' 


which is very stable to aoids, and can be recry 
stalhaed from boiling cone hydrochlonc acid 
Thus fl fulminuric acid is seen to be imxdo 
furazan carboxylic acid It has m p 196® 
and is soluble in organic solvents and 
boding water It gives no colour with ferno 
chloride, Bdver and mercunc nitrates give in 
soluble precipitates Copper acetate slowly 
precipitates large transparent green crystals, 
insoluble in cold water The acid gives an 
ester by the action of alcoholic HCI It also 
gives amtroso derivative, C 8 H,N 8 0 8 N0,H 8 0, 
which explodes at 133° , the mother liquors 
from this preparation give the ammonium salt 
of tsorutroso cyanacetic acid, m p 103° 

CN C( NOH) COOH 
The y fulminuric acid is 6 ammo 4 nitro uo 
oxazole, m p 247% 

CH— C NO, 

11 1L 

N C NH, 

\ 0 / 

An aqueous solution is not precipitated by 
copper acetate, nor coloured by feme chloride. 
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it gives a precipitate frith mercuric nitrate bat 
not frith the chloride. It is a very weak add-; 
it does not give an ammonium salt, nor is it 
esteemed by alcohol and HCl; it gives no 
nitroso-derivative. When boiled with baryta, it 
e limina tes NH, to give 5-hvdroxr— -nitro-fso- 
oxazole. C.H.O^NVH.O. 

The fvlrrdr.uric cad, C, H,N,0 ; . of Ehren- 
bsrg is obtained by treating cyanoisonitroso- 
acethydroxamic acid frith NH,;' it is a powder, 
which chars without melting —hen heated (Xefi 
Lc.; Ehrenberg, J. pr. Chem. ,1884, [ii], 30, 55). 

FULVENES (r. VoL HL 5Ub. c). 

FULVIC ACID {this VoL. p. 53d). 

FUMARIC ACID and MALEIC ACID. 
These tvro etkylere-eS-dicarboxylic adds form 
the classical example of geometrical ( cis-ircr.s ) 
isomerism. Maleic acid readily forms an 
anhydride, — hereas fumade add does not; on 
the basis of this and other evidence maleic add 
is assigned the cis- and fumaric add the /raw- 

HO.C-CH 

HC-CO.H 

irar.s- 


conngurstion. 

HC-CO.H 

HC-CO.H 

cii- 


The oxidation of benzoqcinone to maleic add 
with nascent silrer peroxide (Kempff, Ber. 1903, 
39, 3715} is in agreement frith this view as is, 
indeed, the vaponr-phase oxidation of benzene 
itself (r. ir.fr a). On the basis of chemical 
evidence, Anschutz (Annalen, 1S-57, 239, 164; 
1928, 461, 155) assigned to maleic add the 
hydroxy-lactone structure 

CH-C(OH). 

! > ‘ 

CH-CO 


Phvsical evidence for this cyclic structure has 
been pat forward by Wassennann and Smabula 
(Z. physikaL Chem. 1931, 155, 366) and bv 
Dadieu, Pongratz and Eoblrausch (Sitzungsber. 
Akad. Wiss. Wien, Math. Xaturw. KL Abt. U, 3, 
1931, 140, 3-53). The analogous structure. 


CH-CCU 

l >o 

CH-CO 


has been assigned to msleyl chloride in view of 
its abnormal reactivity (Ott, Annalen. 1912, 
392, 245). 

Eumaric add occurs vridely distributed in the 
plant kingdom (e.o. in Iceland moss and the 
common fumitory) ; in the animal world it 
plays a vital part in respiratory processes (cf. 
Szent-Gyorgyi, Z. physioL Chem. 1935, 236, 1). 
Maleic add does not appear to occur in nature. 

Fumade add is produced, together with 
maleic anhydride, when malic add is heated to 
150“ (Wislicenns, Annalen, 1SSS, 246, - 91 ; 
Michael, J. pr- Chetn. 1892, pH, 46, 231) or 
boiled with sodium hydroxide solution (Fichier 
and Dreyfus, Ber. 1900, 33, 1453), by beating 
halogenated succinic adds (Brunner and Chuard, 
ibid. 1897, 30, 201) and. synthetically, by con- 


densation of glyo.-.j. lie and mal onic adds under 
the influence of pyridine : 

CO.H-CHOpCH.fCO.H), 

- ~S >- CO.H-CH:CH-C0 2 H 

(Doebner, ibid. 1901, 34, 53). Technicallv, 

! fomaric add may be prepared by the Aspergillus 
fumaricus fermentation of certain carbohvdrates 
(B.P. 146411 ; Walker, J.S.CJ. 1930, 49, 946; 
r. this VoL 50c), while the most convenient 
method for its laboratory preparation is the 
| oxidation of furfural with sodium chlorate in the 
presence of a small amount of vanadium pen- 
ioxide (Milas, Organic Syntheses, 1931, li, 46). 

Maleic add was formerly best obtained by the 
slow distillation of acetylmalic anhydride 
(Anschutz, Ber. 1SSI, 14, 2791) or by heating 
malic add with phosphorus pentachlcrride to 
200-220“ (van der Riet, Annalen, 1894, 280, 216). 
At the present time, however, maleic add and 
its anhydride are prepared cm the large scale by 
the vapour-phase oxidation of benzene using a 
vanadium pentoxide catalyst 
CH 

HC' ^CH 

i r i -—>■ 

HC X ^.CH ~ H i° 
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6 

a process which was first worked out in 1916 by 
Weiss and Downs (LLS.P. I31S631, 1318632) ; a 
large n um ber of patents describing improve- 
ments in this urocess have appeared and the 
reader is referred for further information to sum- 
maries bv Weiss and Downs (Ind. Ehg. Chem. 
1920, 12,' 228; J.S.CJ. 1926, 45, 1SST) and to 
Hilditch. “ Catalvtic Processes in Applied 
Chemistry,' 1 1929, pp. 199-205. 

Fumaric add may be converted into maleic 
anhvdride by heating or by treatment with 
phosphorus pentachlorfde, phosphorus oxy- 
chloride or phosphorus pentoxide (Volhatd, 
Annalen, 1892, 28S, 255; Tanatar, ibid. 1893, 
273, 31). Maleic add is converted into fumaric 
add bv heating in a sealed tube at 20 0 s (Tanatar, 
l.c.) or even by long standin g in the dark in 
a on eons solution (Eailan, Z. physikaL Chem. 
1919. 93, 613). This change is also brought 
about by sunlight or ultra-violet light, espedally 
in the presence of 2 trace of bromine (Ciamician 
and S3 ber, Ber. 1903, 36 , 4267 ; Wislicenns, Ber. 
Sachs. Akad. Wiss. 1895, 4S9 ; Eaflan, Z. physi- 
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kal Chem 1924 87, 333 , Warburg, Silzungsber 
Preuss Akad Wiss Berlin, 1918, 1228) 
Fumanc acid is difficnltlyaolablein cold water 
and crystallises from hot water m small, colour 
Jess needles which sublime without melting in 
an open tube at 200°, but which melt in a sealed 
tube at 281° Maleic acid forms monoclimc 
prisms, m p 135°, which boil at 160° with 
anhydride formation 
Fumanc and maleic acids may be distinguished 
by the crystalline form of certain salts (especially 
the silver, copper, lead and mercury salts) (van 
Italhe, Pharm Weekblad 1922, 58, 1312, 
Wagenaar, ibid 1927, 64, 6) , fumanc acid is 
also distinguished by the fact that its mercury 
salt is quantitatively precipitated in the presence 
of dilute mtno acid (Olander, Z physikal Chem 
1929, 144, (A), 49) The following esters may 
be recommended for purposes of identification 
p mtrobenzylfumarate, m p 150 S°, maleate, m p 
89 3° , phenacyl fumarate, m p 197 6°, maleate, 
m p 119°, p phenylphenacyl maleate, m p 168° 
Both fumanc and maleic acids yield acetylene 
on electrolysis of their alkali salts and both may 
be reduced to succinic acid With bromine 
fumano acid yields mesa dibromoauccuno acid 
and maleio acid, rac dibromosuccimo acid , 
these reactions are examples of trans addition 
(McKenzie, JCS 1912, 101, 1196) With 
potassium permanganate, however, cts addition 
takes place with the formation of racemic acid 
from fumano acid and of mesotartanc acid from 
maleic acid (Kekul6 and Anschutz, Ber 1880, 
18,2510, 1881,14 713) 

Demvatives 

Esters Diethyl fumaralt is best obtained 
by esterification of the acid with alcohol vapour 
in a special apparatus (Corson Adams and Scott, 
Organic Syntheses, 1930, 10, 48) Dimethyl 
maleate is conveniently prepared from the 
anhydnde (Clemo and Graham, JCS 1930, 
213) Alkylene oxides have also been recom 
mended for estenfymg maleic acid (G P 644288) 
AfeAsAr a’jmrAV xSihir.vwu?. 

directly in the vapour phase oxidation of benzene 
but may be prepared by distillation of the acid 
with a neutral solvent such as xylene (Mason 
JCS 1930, 700) or in vacuo with phosphorus 
pentoxide (Terry, J Amer Chem Soc 1925, 47, 
1067) , on the large Beale the anhydnde may be 
produced by vacuum distillation of the acid with 
out added reagent (U S P 1901914, 1966853) 
Maleio anhydnde forms needles or pnsms, 
m p 63°, b p 202°, having a faint unpleasant 
odour It is principally remarkable for the ease 
with which it combines with compounds con 
taming conjugated double bonds to form cyclic 
products, e g 


(Diels and Alder, Ber 1929, 62, 2081, 20S7, 
1930, 63, 2662 , Annalen, 1931, 490 243, Alder 
and Stein, ibid 1934, 514 1) Tins reaction 
usually takes place readily in benzene solution, 
sometimes being brought to completion at room 
temperature , it has found wide application, not 
only m synthetic work but also in the detection 
of conjugation in natural products Maleio 
anhydride is now, m fact, one of the most 
valuable reagents m both synthetic and analytic 
organic chemistry 

Maleio anhydnde also forms co polymers with 
ethylemo compounds, e g stilbene (Wagner 
Jauregg, Ber 1930, 63 [B], 3213 , Annalen, 1931, 
491, 1) while, more recently, it has been found 
that some compounds of the styrene type yield 
maleic anhydride adducts as do ordinary con 
jugated compounds, e g vmylnaphthafene 

HC^ CH * CH COv 

+ £h CO' 




HC^ 

I 

HC^ 


^CH, 


CH, 


CH, 

HC^ ''CH CO\ 

II I 9 

HC n /CH CO x 
CH, 


(Cohen and Warren, JCS 1937, 1315) 

Areu OATtoNS 

The development of the vapour phase oxida 
tion process has made maleic acid and anhydnde, 
formerly chemical rarities, into relatively cheap 
materials and many uses for them have been 
proposed Downs (Ind Eng Chem 1934, 26, 
17) gives a review pf possible technical appli 
cations Some of these depend on the reaction 
of maleic anhydride with dienes., thus. Martin, 
Griese and Lowy (»6»d 1933, 25 381) suggest 
the use of maleic anhydride for the removal of 
readily oxidised dienes from petroleum , similarly 
U S P 1898363 advocates the use of maleio 
anhydnde as a stabiliser for unsaturated oils 
Adducts from maleic anhydnde and vanous 
teipenes form the basis of synthetic resins 
dcscnbed inUSP 1993025-1993037 Maleio 
and fumanc esters, their polymers and co- 
polymers with other substances have been 
proposed for use as plasticisers resins, etc (G P 
612321,553174. USP 1945307, 1069482) 

/H N R 

FUMARINEsyn PROTOPINE, 


C„H„0,N, 

an opium alkaloid. 

FUMIGATIN (this Vol , p 54a) 
FUMIGATION OF WAREHOUSES 
AND SHIPS AGAINST VERMIN AND 
PESTS OF STORED PRODUCTS — 
Vermin and human parasites are a menace to 
health They are worse in hot countnes than 
in temperate, though even in these, wherever 
conditions are insanitary, they are dangerous 
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in accuracy it affords in arriving at the dosage 
required, with any given number of insects, 
which may be expected to give 100% mortality 
The straight line, above described, can be 
readily extrapolated, and the logarithm of the | 
dose corresponding to a percentage mortality as 
near as is required to 100% can be read off 
The accuracy of this value will vary with the 
departure of the observations from the line 
The term dosage refers to a combined con 
centration-time quantity From the results of 
a large number of experiments Peters (Samm 
lung chemischer Vortrage, No 31, 1936 Chemie 
und Toxikologie der Schhdlingsbekampfung) 
considers it to be represented by the product of 
concentration of the fumigant multiplied by the 
time of exposure and that the toxic effect is 
proportional to this product This relation is 
the same as that obtaining in tbe action of 
poisons on mammals and is known commonly 
as Haber’s rule 

It seems that this is approximately true within 
limits for the separate quantities In a practical 
fumigation the concentration is continually 
varying and the toxic effect may therefore be 
expected to be proportional, within the same 
limits, to the value of the concentration-time 
integral or the area under the time-concentra 
tion curve 

The lowest satisfactory number of test insects 
is about thirty The greater the number, the 
greater the accuracy with which the dose likely 
to give a desired percentage kill can be deter 
mined In the control of a heavy infestation, 
the percentage kill required may he veiy close 
to one hundred and its determination will require 
a large number of test insects By using large 
numbers of insects Pratt, Swain and Eldred 
(J Econ Entomol 1931, 24, No 5, 1041) 
succeeded in showing an effect of protective 
stupefaction on preliminary exposure to sub 
lethal doses of hydrogen cyanide which is of 
great importance in the fumigation of citrus 
trees Gough (Ann Appl Biol 1939, 26, 353) 
found that the offspring of resistant individuals 
of Tribolium confusum were more resistant to 
hydrogen cyanide than the offspring of suscep 
tible individuals The selection of a resistant 
strain, by partially effective fumigation, was 
suggested by Boyce (J Econ Entomol 1928, 
21, 716) 

Attempts to determine penetration of a 
fumigant into goods by observing the toxic 
effect on test insects m small containers buried 
in the goods are often unsatisfactory owing to 
local disturbance of the texture of the material 
of the goods and to alteration of the bus 
ceptibihty of the insects It is generally better 
to determine the concentration at various points 
within the material by sampling and analysing 
the atmosphere at these points 
Vaporisation or Fumigants — Most fumi 
gants are supplied in the liquid form The 
method of vaporising them varies with the 
volatility of the liquid, the prevailing tempera 
ture and with the type and size of building 
fumigated Moderately volatile liquids, such 
as hydrogen cyanide, carbon disulphide and 
methyl bromide are etiU, sometimes, applied 
by being poured into shallow pans and allowed 


to evaporate Frequently volatilisation is 
assisted by immersing a heated coil in the liquid 
or by passing the liquid through a heated coil 
(Os bum, New Jersey Dept Agnc , Circular 188, 
1930, Page and Lubatti, JSCI 1933, 52, 
316T) Application of heat is particularly 
desirable with a substance such as hydrogen 
cyanide which has a large latent heat of 
vaporisation 

Another method of application consists in 
spraying, under pressure, through fine nozzles 
Ethylene oxide mixed with carbon dioxide, 
hydrogen cyanide and chloropicnn are often 
applied in this way One objection is the danger 
of soaking certain porous goods or fabrics and 
hence of objectionable residues or of delayed 
vaporisation (Page and Lubatti JSCI 1933, 
52, 323T) Screens of suitable fabric have been 
used to provide a large evaporating surface for 
the relatively non volatile fumigant heavy 
naphtha (Ashmore and McK Hughes, Brit 
Med J 1937, l, 469) 

A more generally satisfactory method of 
application is that of heating the liquid m an 
apparatus called a vaporiser Different types 
are described in the sections dealing with the 
common fumigants 

Methods of Determination —The con 
centration of fumigant in the air can be deter 
mined by the following methods 

1 Aspirating a known volume of air and 

fumigant through bubblers containing 
absorbing solutions, m which the 
fumigant is subsequently determined 
(Eddy and Geddings, J Econ Entomol 
1929, 22, 366) 

2 Collecting a known volume in an evacuated 

vessel which either contains the ab 
sorbent solution or is provided with 
means for adding it later 

3 Physical or physico chemical methods in 

which a change of concentration is 
shown by the change of the electrical 
resistance of a hot wire, following a 
variation in its temperature This may 
depend only on the thermal con 
ductmty of the gas, as in the Catharo 
meter (Daynes and Shakespear, Proc 
Roy Soc 1920 A, 97, 273), or on the 
change in the rate of catalytic com 
bustion of the inflammable fumigant 
around the hot wire, which is itself 
the catalyst 

4 Comparison of the refractive index of the 

air-fumigant mixture with that of a 
standard gas, by means of a differential 
refractometer (Taylor, Chem and Ind , 
1939, 68, 1078) 

The catharometer is not of general applies 
bihty since it is unduly sensitive to small 
changes of concentration of carbon dioxide and 
water vapour which occur in goods 

Apparatus depending on catalytic combustion 
is especially suited to routine determination of 
concentration in the mam space of a fixed 
chamber The differential refractometer method 
is cumbersome and needs a costly apparatus 
and a large sample of gas The aspiration 
method has the following disadvantages 


39r 


FUIUGAHOX OF WAEEHOTJSFS A2sD SHIPS. 


(g) Dead space in connecting tubes, ete._ 
makes it impossible to take a Ter y small 
sample. 

(5) Inconvenience of an aspirator or 

pump, except at a fixed chamber. 

(c) Inapplicability to sampling from chamber 

under reduced, pressures. 

(d) Dimeulty of collecting a large number of 

samples within a very short period. 

(ej Dimcnky of sampling from a large number 
of points owing to the amount of flexible 
tubing required. 

The method of collecting the gas sample in 
an evacuated vessel is of udder application 
than the others and has been considerablv 
developed. 

In a recent form the evacuated vessel is 
opened electrically from outside the space being 
fumigated. Samples mom hidden spaces, such 
as the interior of packed goods or the spaces in 
hollo— vralls, are obtained by attaching to the 
vessel a capillary tube which is inserted into the 
svs.ce (Page, J-S.C.L 1935, 54, 421T ; LabattL 
J-S.CJL 1935, 54, 424X). 

The error in sampling from hidden spaces 
prcdcced by adulteration of the sample by gas 
drawn in Sum the main space can be obtained 
mom the formula, ~=[c-b S (n — 1 ) — (a — cl-r^TiF 
where V = volume of intergranular space, 
r,T =voInme of sample, e/T =imtial concentra- 
tion of fumigant in intergranular space, eT = 
concentration of fumigant in surrounding space 
and u=«mcentratian of fumigant in sample. 

Since the intergranular spaces of goods vary 
greatlv with their nature and method of 
packing, the calculation of this error is of some 
importance. In general the percentage inter- 
granular space is surprisingly large. Some 
representative values are: tobacco in cask, 
fO ; £our, 49 ; grain, 45 ; currants and raisins 
fin 56-lb. boxes), respectively 33 and 25 ; dates 
fin block}, 2 (Page and Lubatti, -J.S.C.I. 1937, 
o5. o4Xj. 

Besides! fumigant in goods or building 
materials after fumigation and airing is usually 
recovered either by distiHatioa or by dry 
aeration or by aeration of a suspension in a 
suitable liquid — inch is generally heated. The 
fumigant in the air stream is absorbed in a 
reagent and determined. 

Tnnr-CoTrrv -a» tt ot Ccbves. — S ince the 
toxic exert of a fumigant is proportional, 
vrrthin limits, to .the product of the concentration 
and the a 


stion of exposure, a series of curves, 
for representative positions, gives a fair idea 
of the efficacy of a fumigation. Curves have 
been found generally to conform to one of four 
tvpes (Pare, Lubatti and Gloves. J. Hvgiene, 
1939, 39, 12), Fig. 1. 

Type I curves represent the change of con- 
centration in the main space being fumigated ; 
a maxim um is reached soon after the end of 
vaporisation and thereafter the concentration 
falls, more or less rapidly, according to the 
leakiness of the building and the absorptive 
nature of its fabric and contents. When airing 
berms, as indicated by the dotted line, there is 
a rapid and continuous fall in concentration. 
The value of the 


is usuallv about > 


i to § the calculated concentration. Type II 
curves represent the change of concentration 
in spaces such as cupboards to which the 
fumigant is conveyed by diffusion and con- 
vection from the main space, there being no 
direct application of fumigant. The curves are 
similar to those obtained for the main spaces 
except that the maximum concentration attained 
is lover and is reached later. 

A curve of type ZEE is frequently obtained by 
sampling from lath and plaster partitions. A 
curve of type IF is characteristic of the change 
of concentration inside piles of absorbent 
materiel snch as heaps of clothes. It whl be 
seen that airing in types III and IF is very slow. 
La the fumigation of ships s imilar spaces are 
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met with and similar curves are found (Stock, 
Monier-WnKams, Page, Lubatti and White, 
Bulk Off. interest. Hyg. PnbL 1933, 25, 293). 

Tn the fumigation of empty warehouses for 
disinfestation of the fabric the curves obtained 
are of type I, but big differences are found 
depending on the ratio of the volume of the 
budding to the surface ares, on the absorptive 
nature of the fabric and on the air-tightness. 

Most unpainted building materials are ab- 
orptive. This absorption is very greatly 
reduced by two or three coats of oil paint. The 
most leaky part of a building is usually the 
"roof, hut a hoarded and felted roof is relatively 
air tight (Page and Lubatti, J.S.C.I. 1933, 52, 
309Tb 

The construction of buildings and the materials 
of construction influence penetration into cracks 
and hidden spaces. Materials vary greatly in 
their tr ansmis sive properties. In tall, single 
storev warehouses the concentration is fre- 
uuentlv too low near the ridges of the roof and 
As-n best be raised by stirring the whole of the 
air in the warehouse. 

Curves obtained when sampling from inside 
packages of goods approximate to type III, if the 
diS erd ty in penetrating the package is due 
chiedv to the packing material, and show more 
resemblance to type I orjll. if most of the loss - 
of fumigant is due to absorption in the goods. 
For example, the concentration inside's 56-lb. 
block of dried fruit follows the concentration 
in the main space, type I curve, if there is no 
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packing material, but, as the block is enclosed 
first in parchmentised paper and then also in a 
wooden box the curves obtained approximate 
more to types II and III Unless the fruit is 
extremely moist, there is practically no gradient 
of concentration within the box With other 
substances such as flour m Backs and tobacco m 
casks or bales there is a very steep gradient 
The construction of cases as well as the material 
used for them influences penetration 

With curves of type HI airing is slow and 
after the end of the fumigation a useful con 
centration of fumigant remains for a considerable 
period, during which fumigation continues 

It appears that the mam source of loss of 
most fumigants is absorption in goods or porous 
materials, although there are few published 
data 

For a particular product the most important 
variables are concentration of fumigant 
temperature, humidity and water content of 
the product The rate of absorption is lm 
portant as well as the total amount of fumigant 
absorbed at equilibrium 

Greatly improved distribution and penetra 
tion are secured if goods are stacked in narrow 
piles with narrow alley ways between Boxed 
goods lend themselves to such systems of 
Blacking Dried fruit, for example, is stacked 
for fumigation in tiers one box wide, with 
spaces of about 2 m between the tiers, the two 
ends of each box being exposed to an alley way 
Cacao in bag3 cannot be Btacked in piles narrower 
than two bags wide In this way one end of 
e\ ery hag is exposed to an alley way and the 
penetration is considerably better than when the 
piles are three or more bags wide (Page and 
Lubatti, JSCI 1933, 52, 323T, Burns 
Brown, xbxd 1937, 56, 11CT) 

It has been found best to fumigate goods in 
specially constructed chambers rather than in 
ordinary warehouses These chambers have 
fixed characteristics so that the behaviour of 
fumigant m them can be foretold and conditions 
repeated and goods can be stacked in them m a 
standard way, an even distribution is thus 
assured and the concentration checked The 
chambers can be of such a size as to allow of a 
repeat fumigation, if necessary, without undue 
expense, and they can be fitted with heating, 
vaporising, circulating and airmg devices which" 
make for economy and safety Chambers 
designed to operate at atmospheric pressure are 
made of iron, bituminous felt or brick, well 
plastered and painted If intended for fumi 
gants, without appreciable fire hazard they may 
be heated by internal sealed, electric tubular 
heaters For other fumigants, heaters must be 
external or must consist of steam or water 
pipes Any form of heating except hot water 
is dangerous for use with carbon disulphide 
Steel barges are used successfully as fumigation 
chambers Oil dressed tarpaulms used to cover 
the hatches are very nearly gas proof Care 
must be exercised m sheeting down and the 
barges must be regularly overhauled 
Chambers working under reduced or under 
slightly reduced pressure must be made of mild 
steel They are now provided with circulating 
apparatus as well as with vacuum pumps Some 


have interlocked doors, valves, etc , to ensure 
that no possible leakage can occur, and are 
now used where it is essential that no trace of 
fumigant Bhould escape into the building in 
which they are housed In multiple plant a 
certain amount of fumigant may be saved after 
the fumigation and passed to a second unit 
The cycle of operation in chambers working at 
reduced pressure vanes considerably from one 
company s recommendations to another In 
general unless the goods to be treated are not 
very absorptive, only slight improvement m 
penetration is brought about by the use of 
highly reduced pressures Claims have, however, 
been made for an increase of toxicity and 
decrease of absorption by pre fumigations with 
carbon dioxide carried out m chambers working 
at reduced pressures (Young Wagner and 
Cotton, J Econ Entomol 1937, 30, No 3 560, 
Peters Anz Schadlingskunde, 1936, 12 No 7, 
82, Lmdgren, J Econ Entomol 1936, 29, 
1132, Lepigre, Chim et Ind 1934 32 1263, 
Page and Lubatti, Nature, 1937, 139 553) 

The advantage of the circulation of the 
fumigant, which is obtained in chambers, can 
also be obtained m storage silos by fitting them 
with special fans and piping The alternative 
way of dealing with large bulks of gram etc , 
is to mix with it, during loading a material 
which will slowlv tnve off a fumigant Such a 
material is calcium cyanide, which reacts with 
water vapour, and with carbon dioxide to 
liberate hydrogen cyanide, another is ethylene 
oxide, cooled by mixing with solid carbon 
dioxide , whilst a third, which is used m Ger 
many, is aluminium phosphide which generates 
phosphine by reaction with water vapour 

The most important fumigants will now be 
considered in detail , the general chemistry of 
the gases employed will be found in other articles 
of this Dictionary 

Hydrogen Cyanide — This is one of the 
oldest fumigants and one of the commonest at 
the present day It has a high toxicitj to rots 
and to most insects Certain beetles such as 
Calandra granana and Trogoderma k/iarpa are 
very resistant It is inflammable hut not 
dangerously so, and considering its efficiency it 
is not unduly costly 

Methods of Application — In the original 
method it was generated in the space to be 
fumigated by the interaction of sulphuric acid 
diluted 1 2 by volume and eodmm cyanide, the 
interaction of a solution of the cyanide and 
chlorate of sodium with concentrated hydro 
chloric acid was also used, 2 g of cyanide 
and 1 g of chlorate were dissolved separately 
and the solutions mixed To this was added 
10 c c of acid A mixture of hydrogen cyanide 
and cyanogen chloride was evolved In nsmg 
the sulphuric acid method it is essential that 
the acid be freshly diluted so as to be hot when 
the cyanide is introduced In practice vats or 
tubs were generally used and the cyanide tipped 
m from swivel boxes by means of a cord It 
has been considered safer to pour a solution of 
cyanide into more concentrated acid through 
tubing (Stock and Moiucr H ilhams Min Health 
Rep on Health and Med Sub No 19) A 
booklet bj the Roessler and Hasslacher Chemical 
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Co. (X.Y. i932j gives the latest development 
of ibis so-called dumping “ cr " pot ' 7 method. 

The gas may ho introduced by vaporisation of 
liquid hydrcgen cyanide. b.p. 26-ou The I: avid, 
stabilised by stroll mounts of acid. commonly 
oxaiic add. is generally stored in steep cvimders, 

scrg— caps or is stoat glass bottles fith crotm 

It is appEed is three trays : (I) By posriss 
it into shsHovr parts cr the Scot or on to the 
Scot itself by operators fearing gas masks. 
(2) By forcing it. by means of air-pressure, 
through screfed ires tubing, terminating in 
spray nozzles, dosage being controlled by 
feigning. The tsbing may be installed tempo- 
rerflv, or ■n^nnsn^ntiv Tutfru th.6 n ozzlss nsv 
be rxm insfde tLe msebir^ry of miH=» etc. 
(Wagner. Cotton and Yeung, U.S. Dept. Agric. 
1935, “ The Ilachinery Piping System of Float 
510 Famigstfcs "*). (3} By evaporating it is 
vaporisers. A small vaporiser for hydrogen 
cyanide consists of an open conical vessel fith 
a removable lid ; the hydrogen cyanide, f Hch 
has been posted in, is boiled on by means of 
electrical heaters in good thermal contact fith 
the bottom of the vessel. The vaporiser is 
placed inside the space to be frmigated and the 
beaters connected to s sonree of sspply ostside. 
When sH the liquid baa evaporated, the tempera- 
rare of a fhsfble link rises rmtil it melts and 
breaks the dremt by a etna ting a mereurv sfirch. 
This separates is not statable for the fmzifgatior 
of large btnldrnns oving to tie high electric 
loading repaired. Vaporisers fith a large 
reserve of heat may be used, together fith some 
method of transferring the Equid hydrogen 
cyanide to them after the sealing of the btdHrng 
for fumigation (Page and Lnbatth J.S.CX 
1933, 52, SI6T ; Alii and Sherrard, U.S-P-H- 
Bents. 192S. 43. Xo. 41, £647 ; Walker and 
Eared, led- Zng. Chen. 1925, 17. 1074). 
Trtrrrn hydrogen cyanide may also be absorbed 
in "granular msteriaL e.c. kleseignbr. The 
proprietary prednet, ‘* ZyHcrz B “ contains also 
a stabiliser and lachrymnto’-. generally a mint are 
g5 a simple chloro-ester and b-omo-ester. It is 
sealed in cans finch are opened fit h s special 
tool, covered fkh a robber cap and placed in 
position. Operators, fearing gas masks, re- 
move the caps and distrifcate the grannies on 
the f cor or cn pieces of sacking, etc. The 
evolndcn of cyanide is often comp T ete fithin 
ahont fifteen minntes. After aeratfon the 
redone is disposed of safely. If the material 
is csed in conjunction fith chambers a special 
va no riser is sometimes installed. This is 


piaceo m s gas-drcnlating circuit and may 
function either by passing bet air through the 
material after perforation of the ends of the 
cont ainer or by spreading the material over a 
fsier-jaeheted surface after cutting out the 
Ed and inverting the container (Heerdt. Yebr. 
deutsch- Ges ang ef. EntomoL 1924. July ; But- 
tenburn and Dechert. Z. ges. Kalte-Ind. 1925, 
32, 17 ; Bee rev. J.RA.ALC. 1925, 47, 59 ; Jackeh 
Prakt. Desmfekt. 1927, 19, 35; Bo etcher. 
Desinfekt. c. Gesurdheitsf- 1927, 19, 143 ; Akin 
and Sherrard (he.) : Gassrer, Z. hyg. ZcoL 
1937, 23, Xo. 6, 176). liquid 


bvdrogen cyanide is also available absorbed in 
discs of food pulp and stabilised, generally 
firm acetic or sulph uri c acid. These disre are 
very convenient for the fumigation of small 
spaces (Williams. U1S- PuhL Health Bep. 1931, 
48, Xo. 35, 2C4S; Page, Luhatti and Gloyns. 
he.}. The rate of evolution of hydrogen cyanide 
from the discs varies fith the temperature. 
Above ISrC. evolution is compete fi thin 30 
minutes (Page and Gloyns, J2S.CJ. 1936, 55, 
213±). Lastly, the gas may he generated in 
site, hen calcium cyanide either pure or con- 
taining additional hydrogen cyanide. The 
pofdered or granular product is exposed in 
thin layers on the floor. If the atmospheric 


fater from, the air. Under favourable con- 
diticns only 5% of cyanogen may remain com- 
bined after a fef hours. The resume is, of 
course, dangerous and care must be taken to 
dispose of the f hole of it safelv (51. S. Benjamin, 
J. Proc. Boy. Sou, XX. W. 1926, 60, 35 ; book- 
let Q. cniio^ZcLS Calcium Cvanide," bv the Ameri- 
can Cyknnmid Co. : 5f3es, BuIL Eut. Ees. 1925, 
IS, 251 ; Eddy, S. Carolina Agric. Erpt. Sta. 
1929, B ull. . Xo. 256 ; Young. Ind. Eng. Chen. 
1929, 21, 851 ; Dshalaganija and Ifanof, Chem. 
Zentr. 193S, 109, EL 2790; Peters, Booklet, 

A Short Guide to Tree Fumigation," Frank- 
fort-on-llain, 1931; Smith, Chem. Zentr. 
1937, 103. H. 4092). 

ScitcbfUiy cf Eydrccer, Cysr.sdeforl ur-.lcaiirg 
Vcncrjs dltiericte.- — Tea, coffee, spices, aeH- 
cately favoured nuts, etc., are liable to be spoilt. 
Water, fatery fats, and fstery and sugary foods 
such as mule. 5rtdt, vegetables, both fresh and 
dried, minced meat, cheese and possibly other 
foods retain too much cyanide for raf consump- 
tion. About ten to tf enty parts per mSEon 
commonly remain in other products after aera- 
tion, the bulk of fhf- being lost as a rule in cook- 
ing (Honier-WiEisms. Yro. Health Bep. on 
Health and 5Ied- Sub. 1930, Xo. 60). For deter- 
mination a feighed sample of food is suspended 
in fater. acidifed fith phosphoric or sulphuric 
acid and then aerated or steam distilled- The 
hydrogen cyanide is collected in dilute aqueous 
sodium hydroxide and after addition of potas- 
sium iodide and amm o nia it is titrated fith 
27)50 silver nitrate according to the method of 
Derbies (Corupt- rend. 1593, 117. 107S ; LnhatiL 
J-S.Ci 1935, 55. 2751). Compounds fith 
aldehydic or ketonie groups, such as dextrose 
and Isvulose, may form moderately stable 
cvsnhvdrdns (tTonier-WlIEsms. 5Iin- Health 
Bep. on Health and lied. Sub. 1930, Xo. 60), 
and the toxicity of these compounds is not 
knofn- The rate at fhich they decompose is 
liable to be slof and independent of ordinary 
changes in the conditions of airing. Fumigated 
foods cont ainin g Irevnlose. in particular retain 
hvarogen cyanide as cyanhvdrin as fell as in 
solution, etc. The total residual hydrogen 
cvanide may be recovered by aerating a boiling 
aqueous suspension finch is only slightly acid, 
fhilst only the fumigant — hich is dissolved or 
adsorbed is recovered if the suspension is 
strongly acid. Tens, by pairs of determina- 
tions. the combined bvdrogen cyanide is 
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obtained by difference The fumigation of cold 
stores has been successfully earned out at a 
mean temperature as low as 6°C (Buttenberg, 
Techmsches Gememdeblatt, 1925, 28, No 6) 
Special problems of retention and aeration would 
seem to be involved A survey of the literature 
on residual fumigants in foodstuffs, including 
grain and cereal products, has been made by 
Williams (Amer J Publ Health, 1933, 23, 
No 6) 

Dangers of Cyanide Fumigation — -All fumiga 
tion should be carried out by competent, 
trained operators Air containing hydrogen 
cyanide in the proportion of one part in one 
hundred » thousand may be breathed with 
impunity, one part in ten thousand is definitely 
dangerous, and one part in two thousand 
quickly produces cyanosis, a general paralysis 
and affection of the nervous system, and un 
consciousness followed by death unless first aid 
.i? jidminutantd s>i- fine pari- .vc i>w. 

hundred is immediately fatal (Momer Williams 
and Stock, l c , Page and Gloyns, J S C I 
1936, 55, 209T) For first aid, see Military 
Surgeon, 1926, 59, No 5, 642 It is essential 
that a fumigated space shall be sufficiently 
aired before being used The customary tests 
are the behaviour of white mice and the time 
taken to produce a standard blue colour on a 
filter paper freshly moistened with separate 
solutions of copper acetate and benzidine 
acetate Other reagents are also employed 
(Katz and Longfellow, U S Bur of Mines, 
Serial 2504, and J Ind Hyg 1923, 5, 27, 
Deckert,Z Deamfekt u Gesundheitsw 1930,22, 
82 , Oppenheim, J Ind Hyg 1925,7,415,Chem 
Age, 1925, 13, 474 , ‘ Methods for the Detection 
of Toxic Gases m Industry,’ H M Stationery 
Office) There is sometimes a danger of gas 
continuing to accumulate over a long period by 
desorption from fumigated goods, particularly 
from woollens and from bedding when this is 
warmed, for instance, by body heat (Kaiser, 
Wiener kkn Wochenschr 1928, 41, 958, 
Williams, Pests, 1938, 6, 15 (11)) Ventilation 
of houses after fumigation has been studied by 
Page, Lubatti and Gloyns (I c ) who have made 
recommendations for airing differently con 
structed houses both m winter and summer, 
furnished and unfurnished The effect of heat 
mg the houses immediately after ventilation is 
also considered 

Addition of a Warning Gas — This is generally 
a lachrymator such as a chloro or bromo ester, 
chloropicnn or cyanogen chloride It may be 
of service where unskilled labour is used, but m 
general its value is doubtful (Pohl and Tesch, 
Desinfektion, 1926, 11, 87, BP 271514, May 
d. 1927 , C hi Hasselmann, Zentr Ge 
ayg Unfall verhut, 1927, 16,65, Bellogm 
and Yiciano, Med paises c&hdos Madrid, 1929, 
2, No 1,3) 

Bactericidal Action — This is very shght, 
c/ Momer Williams (Ic), also Fleury (Bull 
&oc Chim Biol 1925, 7, 797, and Compt rend 
1925, 92, 696) as well as Nagel (Praht Desmfekt, 
1927, 19, 257) 

Special Chambers, Apparatus, etc — See Build 
ings for Fumigation of Railway Cars (Chem and 
Metal, 1923,27, 1160) .Wolters, Industrial Fami 


gation Chambers (Zentr Gewerbehyg Un* 
fallverhut, 1928, 15, 151) , “ Liston’s Gas Dis 
Sector,” W Glen Liston (J S C I 1925, 44, 
370) One or two British firms now manu 
facture fumigation chambers and equipment 
Application of Hydrogen Cyanide to the 
Fumigation of Skips — The principal objective 
is the killmg of rats which succumb far more 
readily than do the majority of insects and 
Elites The usual dose is 2 oz hydrogen cyanide 
Per 1,000 cu ft , nominal concentration for at 
least 4 hours Hydrogen cyanide is the most 
u ®ed fumigant on ships, having partly displaced 
sulphur dioxide on the score of efficiency and 
freedom from notion on metals, fabrics, etc 
The “ pot ” method of fumigation is nearly 
obsolete, liquid hydrogen cyanide is used chiefly 
“ this country and Amenca whilst “ Zyhlon 
B ” is used principally in Germany Zyklon has 
the .advantage of easy regulation of dosage in 
cam p&rlmentc, an sdrantsgc rrhich )s 
shared also by “ discs ” The chief difficulty in 
ship fumigation is penetration into hidden rat 
holes, pipe casings, propeller tunnels, dead spaces 
hoarded up round tanks, etc , and other hiding 
places Aeration is not always efficient The 
ac tual work is trying on account of the short 
tune available and of the cramped design of a 
ship s interior The chief purpose of killing the 
rats is to prevent the spread of the plague flea 
w bich they carry Cockroaches, which com 
“Only abound, are greatly reduced in number 
hy fumigation and a heavy dose is sometimes 
given to the quarters and galleys for this pur 
Pise Occasionally ships are fumigated when 
•ailen with cargo, but hydrogen cyanide must not 
fall upon this (Stock and Momer Williams, 

• c , Akm and Sherrard, l c , W Heerdt Prakt 
Dc-ainfekt 1927, 19, 35, "Memorandum on 
th% Fumigation of Ships, ’ H M Stationeiy 
Office, 1928 , Ridlow, U S Publ Health Rep . 
•931, 46, No 28, 1623, Williams, t bid 1931, 
46 No 29, 1680, and No 18 1031 . Symes 
and Roberts, Rep Med Res Lab Kenya, 1934, 
20, Rev Appl Entomol 1936, 24, B, 103) 

A comparison of the distribution and penetra 
ti Q n of hydrogen cyanide and sulphur dioxide in 
ships has been made by Stock, Momer Williams, 
Rage, Lubatti and White, Bull mens office 
“tern hyg publ 1933,25,293 
Carbon Dioxide — This has long been used 
fov the fumigation of grain It is probably of 
va) U e as an aid in air tight storage in specially 
®°'ind bins (W W Froggatt, Agric Gaz 
NW South Wales, Sydney, 1921, 32, 472, 
Liverpool Gram Storage and Transit Co , B P 
42^920) It is now chiefly used m admixture 
^th other fumigants, at present mainly with 
ethylene oxide, when it serves two purposes, 
vi% the reduction of lire risk of an inflammable 
futnigant and the intensification of its toxic 
action This last effect has been correlated 
with an observation by Hazelhoff (J Econ 
Entomol 1928, 21, 790) of the opening of the 
sp'raeles of Penplaneta amencana in the 
presence of carbon dioxide It has been 
observed to exert an ageing effect (Jamsch, E , 
Arb Biol Reichsanst Land a Forstwirts 1924, 
13, No 2, 173), and is used as a fore gas m 
vat; Uum fumigation to decrease the adsorption 
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boiling range of about 150-180°C js now 
being used in England for the fumigation of 
empty buildings, chiefly houses infested with 
bedbugs (Ashmore and McK Hughes, Bnt 
Med J 1937, i, 459 , Cameron, J .Path Bact 
1938, 46, 95) The proportion of low boding 
constituents is governed by the flash point, a 
certain proportion of unsaturated heterocyclic 
compounds should be present as well as a 
proportion of paraffins, of which the cyclic 
paraffins are the more toxic, and a small 
proportion of cresols 

The following is a short list of papers deahng 
with practical methods of fumigation in 
Germany and America and with the suitability 
of different fumigants for various products — 
Back and Cotton, U S Dept Agric 1935, Circ 
P 3638, 369, Peters, Chem Zentr 1938, 109, 
I, 703, Anz Sch&dbngskunde, 1938, 14, 116, 
Gassner, Z hyg Zool Schadlmgsbekampf 1937, 
29, 176 Dried fruit Simmons, U S Dept 
Agric Bur Entomol Plant Quarantine, 1935, 
E 353, 15, Amer Chem Abs 1936, 30,8418 
Bed bugs Gunderson and Strand, J Econ 
Entomol 1939, 32, 106 Gram and flour 
Shepard, Minn Agnc Expt Stat Tech Bull 
1937, 120, 3, Amer Chem Abs 1937, 31, 
7185 

A B P P 

FUNGISTEROL {v Vol IV, 331c) 

FURAN. [Furfuran] 


Furan is a five membered heterocyhc ring 
containing four carbons and one oxygen It 
was first obtained by Rohde and is described 
by Limpncht (Ber 1870, 3, 90) under the name 
of Tetrapkenol Derivatives of furan were 
known as far back as 1780 when Scheele first 
obtained a furoic acid (pyromueic acid) by 
pyrolysis of mucic acid Furfural, the a 
aldehyde of furan, was discovered by Dobereiner 
(Annalen, 1832, 3, 141) 

Furan occurs in the wood oil obtained by the 
distillation of resinous woods such as Pine 
(Atterberg, Ber 18S0, 13, 879) It is a consti 
tuent of Finnish oil of turpentine (Aschan, 
Z angew Chem 1907,20,1813) Furan has been 
obtained by heating succmdialdehyde with 
water in a sealed tube at 180° (Harries, Ber 1901, 
34, 1496) , by the distillation of calcium succinate 
(Metzner and Vorlander, Ber 1898, 31, 18S6), 
by distillation of 2 5 dihydrofuran with phos 
phorus pentachlonde (Henninger, Ann Cham 
Phys 1886, [vi], 7, 220) , by distillation of the 
barium salt of pyromueic acid with soda lime 
(Limpncht, Annalen, 1873, 165, 281), ap 
parently by passing acetylene and steam over 
aluminium oxide at 400-4 25° , and together 
with other products by passing acetaldehyde or 
paraldehyde over heated Al x O s (TBctutschi 
babin, Chem Zentr 1916, 1, 920) 

Furan is obtained in moderate yield when 
furfural vapours are passed through soda lime 
at 350° (Hurd and Osborne, J Amer Chem 
Soc 1932.54,2532) 

IVeparo/ion — Furan has been prepared by 


heating pyromueic acid (furan 2 carboxylic acid, 
a furoic acid) in a sealed tube for 2 hours at 200- 
275° (Freundler, Compt rend 1897, 124, 1167) 

An improved method of preparation is given 
m“ Organic Syntheses ” Collective Vol I,p 2C9, 
the furan 2 carboxylic acid is distilled from 
round bottom flask which is fitted with an 
upright tube 2 5 cm. m diam and 15 cm long 
provided with a side arm of the same diameter 
about 2 cm from the top The side arm extends 
into the bottom of an efficient 25 cm soda lime 
tower immersed in water at 40° to prevent 
condensation of furan From the top of the 
tower an outlet tube 5 cm in diam is extended 
to the top of an upright water condenser, to 
the lower end of which is attached a receiving 
flask surrounded by ice and salt The top of 
the upright tube in the reaction flask is closed 
by a cork stopper holding a glass rod for pushing 
back any sublimed acid into the flask The 
acid is heated to its bailing point, 200-205°, 
when furan and C0 2 are evolved The furan 
is redistilled, b p 31-34°/745 mm , yield 78% 

The above method has the disadvantage that 
it is necessary to push back sublimed a furoic 
acid in order to avoid cloggmg and to obtain 
a more complete conversion of the acid into 
furan H Gilman and M Lousuuan (Rec 
trav chim 1933, 52, 156) have found that the 
decarboxylation of a furoic acid may be effected 
with 90% yield if crude tar bases are used as 
solvent with small quantities of CuS0 4 or CuO 
as catalyst 

A further improvement has been made bj 
E Wagner and J Simons (J Chem Educ 1936, 
13, 265) using CuO as catalyst but substituting 
quinoline for the crude tar bases The CuO is 
reduced to Cu and can be used repeatedly with 
the same quinoline without loss of efficiency 

Constitution — A satisfactory formula should 
take into account 

(1) The tendency of furan to form oxomum 
compounds (Gilman and Wright, J Amer 
Chem Soc 1930,52,3349) 

(2) The super aromatic properties of the furyl 
radicle (see p 399(f), exceeding those of phenyl 
and thienyl (Gilman and Towne, Rec trav chim 
1932, 51, 1054) 

(3) The highly chromophonc properties of 
the nucleus (Stobbe and Eckert, Ber 1905, 38, 
4074) 

(4) Marked tendency for a substitution 

(5) Apparent conjugated system that under 
lies 1 4 addition (Gilman and Wright, l c ) 

The following formulas have been suggested 


o 
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y 
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by goods of the more toxic fumigant (E. R. 
(McGovran, J. Econ. Entomol. 1932, 25, No. 2, 
271 ; Cotton and Young, Proc. Entomol. Soc. 
[Wash.], 1929, 31, No. 5, 97 ; R. T. Cotton, J. 
Econ. Entomol. 1930, 23, No. 1, 231; Jones, 
ibid. 1935, 28, 475). 

Sulphur Dioxide — This is used mainly for 
the fumigation of ships for the control of rats. 
The toxicity has been determined by Wade 
(Rpt. Med. Off. Local Govt. Bd. 1903-1904 
and 1905-1906; Bonjean, Rev. Hyg. 1921, 
43, 250 ; Clark, J. R. N. Med. Service, April, 
1932). It is not highly toxic to insects, but 
is still fairly extensively used to kill bed- 
bugs. Its chief advantages are safety and 
cheapness. It is usually generated in situ by 
burning sulphur in iron pans, or carbon disulphide 
by a patented method. About 10% sulphur 
trioxide is produced by burning sulphur 
(Lubatti, J.S.C.I. 1936, 55, 344T). Its chief 
value is as a warning agent. Sulphur dioxide 
seriously affects many substances, e.g. wool and 
most textiles which are reduced in strength 
and dyed material which is often partly bleached. 
The germination of grain is seriously reduced. 
The baking strength of flour is greatly reduced 
and fresh and dried foods are mostly spoilt. 
All the common metals are attacked. Sulphur 
trioxide is even more destructive. In the 
Clayton process (Pacha, Bull. mens, office intern, 
hyg. publ. 1933, 25, 1358) the sulphur is burnt 
in a special apparatus which is brought along- 
side the ship, air drawn from the holds being 
passed over it and returned by a system of 
pipes and blowers. The nominal dose, pre- 
scribed by different countries for the control 
of rats in ships varies from 40-60 oz. per 
1,000 cu. ft., the time of exposure from 1-8 hours 
(Stock, Bull. mens, office intern, hyg. publ. 1933, 
May session ; Wade, l.c. j Williams, U.S. Publ. 
Health Rep. 1934, 48, 89; Stock, Monier- 
Williams, Page, Lubatti and White, l.c.). Sul- 
phur dioxide is still extensively used as a 
bactericide. B. anthracis is particularly resis- 
tant to it (Wade, l.c . ; Trembur. Arch. Hyg. 
1905, 52, 255; Croner, “ Lehrb'uch der Desin- 
fektion,” 1913 ; Rideal and Rideal, “ Chemical 
Disinfection and Sterilisation,” 1921). 

Ethylene Oxide. — This important fumigant 
is stored and transported in steel cylinders as 
a liquid, b.p. 10-5°. It is used in three ways, 
either by being sprayed through a short bifur- 
cated copper tube, the carbon dioxide with 
which it is mixed assisting to expel it from 
the cylinder, or by vaporising it in a suitable 
vaporiser, or by mixing the liquid with the 
requisite amount of solid carbon dioxide, the 
resulting slush being used mainly for the fumi- 
gation of grain with which it is fed automatically 
or by shovelling into the silo bin or elevator. 

A suitable vaporiser is described by Page and 
Lubatti (J.S.C.I. 1935, 54, 246T). This com- 
prises spray jets and deflectors for spreading the 
iiquid over a corrugated heat-exchange surface 
placed in a water bath which is heated by 
immersion heaters. After passing through a 
mist trap, in which the temperature of the gas 
is raised, it is led to the fumigation chamber 
through a thick-walled rubber hose. The 
average lethal dose for most insects is roughly 
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three times that of hydrogen cyanide. Certain 
insects are, however, relatively more susceptible 
to ethylene oxide, e.g. Galandra spp. It is a 
very effective ovicide and is much less toxic 
to man than is hydrogen cyanide, an overdose 
produces nausea and vomiting which generally 
lasts about 8-10 hours. The pure gas is colour- 
less and odourless, but commercial prepara- 
tions, which are generally about 97-98% pure, 
have a characteristic ethereal-aldehydic odour. 
This is not very powerful and is not a reliable 
guide to the concentration after airing. Smart- 
ing or tingling of the eyes is produced by con- 
centrations of 15 mg. per litre or more. Short 
spells of work may be undertaken in concentra- 
tions of 1-2 mg. per litre. According to Fleury 
(Verhandl. deut. Path. Ges. 1930, 10, 4) a 
concentration of 1 mg. per litre is dangerous, 
but 0-5 mg. per litre can readily be endured for 
1 hour. In Germany houses fumigated with 
ethylene oxide must be ventilated for at least 
6 hours and the residual concentration must not 
be more than 0-5 mg. per litre (Reichsgesundheits- 
blatt, 1935, No. 3, 45; Chem. and Ind. 1935, 
58, 16). Precautions to be taken when fumi- 
gating with ethylene oxide are described by 
Walker and Greeson (J. Hygiene, 1939, 32, 
409). The inflammability, which is comparable 
with that of acetylene, has been determined by 
Jones and Kennedy (Ind. Eng. Chem. 1930, 22, 
146) and by Deckert (Zentr. Gewerbehyg. 
Unfallverhiit, 1931, 18, 28). Complete freedom 
from fire risk necessitates dilution with more 
than seven times the amount of carbon dioxide ; 
mixtures containing only 10% carbon dioxide, 
however, are non-inflammable at the concentra- 
tions obtaining during practical fumigation 
except during a short initial period. Ethylene 
oxide and carbon dioxide have the same mole- 
cular weight and do not separate in the fumiga- 
tion chamber. Two mixtures are in common 
use, the German “ Aelox ” or “ T-Gas ” contain- 
ing 10% carbon dioxide and a mixture known as 
“ Carlox ” in Germany and as “ Carboxide ” 
in America containing 90% carbon dioxide. 
This is used chiefly for the fumigation of grain 
(Tesch, Z. hyg. Zool. Schadlingsbekiimpf. 1937, 
29, 244). The distribution of ethylene oxide in 
large spaces has been studied by Page and 
Lubatti (J.S.C.I. 1933, 52, 309T). They found 
a marked layering near the floor owing to cooling 
of the air by the spray. This was overcome by 
vaporising the liquid by heat and by stirring 
the air. The distribution in barges containing 
dried fruit in boxes has been studied by Burns 
Brown (J.S.C.I. 1937, 56, 116T). With suitable 
stacking even distribution was readily obtained. 
In order to ensure satisfactory concentrations 
near the hatch covers it was necessary to releaso 
the gas at several points in close proximity to 
them. 

Suitability of Ethylene Oxide for Fumigating 
Various Materials . — The flavour of ham, choco- 
late and cocoa has been stated to have been 
impaired, but reports to the contrary have also 
been made. Probably purity of the oxide is 
the determining factor. Some foods, such as 
nutmeats, absorb large quantities of tho gas, 
as also do water}’ foods. It softens lacquer and 
seriously reduces the percentage germination of 
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most seed Some of the oxide absorbed is con 
verted into glycol or like compounds the physio 
logical action of which may be expected to be 
slight "(Browning, “ Toxicity of Industrial 
Organic Solvents,” H M Stationery Office, 1937, 
p 333) Ethylene oxide must be used with 
caution, however, on all viable matter It is 
used more for dned fruit, nuts and grain than 
for other products, although stored apples and 
potatoes are treated with it (Vayssi^re, Compt 
rend Acad Agnc France, 1936, 22, 934), and 
it is said to be suitable for meats and dairy pro 
ducts (Austr Food Manufac 1936, 5, 5) It is 
used in Germany against bed bugs (Hase, Z hyg 
Zool Sch&dlmgsbekampf, 1937, 29, 65 , Tesch, 
Z Gesundheitatech u St&dtehyg 1933, 25, 326), 
and in Germany and the USA for killing insects 
as well as rats in ships (Brown, U S Naval Med 
Bull 1934, 32, 294, Schwartz and Deckert, Z 
Desinfekt u Gesundheitsw 1933,23,405) The 
reagent used for absorbing ethylene oxide, 
whether this be drawn from the air space or 
driven out of fumigated products by aeration 
(Sudendorf and Kroger, Chem Ztg 1931, 65, 
669), is a standard solution of hydrochloric acid 
saturated with sodium chlonae (Deckert, Z 
anal Chem 1930, 82, 297), or, better, with 
magnesium chloride (Lubatti, J S C I 1932, 51, 
361T) or magnesium bromide (idem tbtd 
1935,54 424T) Chlorohydnn is formed and the 
excess acid is titrated, see also Kerckow, Z 
anal Chem 1937, 108, 249, Deckert Angew 
Chem 1932, 45, 559 General references 
Young and Bushey, Pub Div Insecticide 
Invest Washington D C Bur Entomol Plant 
Quarantine, April, 1935, Potter, Ann Appl 
Biol 1937, 24 416, MacBnde, Chem Zentr 
1936, I, 416 , Shepard Lindgren and Thomas, 
Minnesota Agnc Exp Sta Tech Bull , No 120, 
1937 

Carbon Disulphide — This is one of the 
oldest fumigants and is still largely used, 
particularly in remote parts, where its ease 
of transport and of application are a great 
advantage It is applied either by sprinkling 
or Bpraying over the goods to be fumigated, or 
by pounDg into shallow pans placed at the top 
of the chamber Either method is satisfactory 
The chamber must be air tight and the tempera 
tnre not below 70°F Better results are obtained 
especially in cold weather, by using a heated 
vaporiser such as that descnbed bv Weigel, 
Young and Swanson (U S Dept Agnc 1927, 
Circular No 7) Carbon disulphide is cheap so 
that a heavy dose may be given up to 10 or 15 lb 
per 1,000 cu ft It is moderately toxic to man, 
and the vapour should be breathed as little as 
possible (Browning, “ Toxicity of Industnal 
Solvents,” H M Stationery Office, 1937, 
' In air tight containers filled with gram 
or like matenal the penetration is said to be 
excellent owing to the displacement upwards of 
the intergranular air by the heavy vapour, 
allowance must he made for absorption on the 
gram 

Inflammability —Carbon disulphide is highly 
inflammable and has a very low flash point and 
ignition temperature It is never used in 
buildings without the addition of a large pro 
portion of carbon tetrachloride to lessen the 


fire risk This mixture, however, is a poor 
fumigant and owing to the different partial 
pressures of the constituents and the different 
densities of their vapours it is prone to change 
in composition and to give non toxic or in 
flammable fractions One prominent feature 
of carbon disulphide is it3 ineffectiveness against 
eggs, another is its anaesthetic effect on other 
stages (Ha mlin and Reed, J Econ Entomol 
1927, 20, 400, and 1928, 21, 783) It is suited 
to the fumigation of damp or viable produce 
such as seeds or potatoes but cannot be used 
with any fatty material 
t)eterminatnm — Carbon disulphide m food 
stuffs may be detected by the sensitive reactions 
of Perkins (Pharm J 1924, 113 101 and 131), 
Malowan (Parfumeur, 1930, 4 21), Feigl and 
Weissenberg (Z anal Chem 1931, 83, 93), and 
Tischler (Ind Eng Chem [Anal], 1932, 4 
146) It may be determined in alcoholic solo 
tion by distillation or aeration, absorption in 
alcohohc potash which converts it into the 
xanthate and oxidation to sulphate by bromine 
(Spielmann and Butler Jones, J 8 C I 1919, 
38, 185T, Huft J Amer Chem Soc 1626, 
48, 81 , Matuszak, Ind Eng Chem [Anal ] 
1932, 4, 08 , Marsh and Cruess, Fruit Products 
and Amer Vinegar Ind 1929, 8 No 6, 31, 
Komar and Maevskaja, J Appl Chem Russia 
1934, 7, 433, Higgins and Pollard, JSCI 
1937, 56 122T) Mixtures with carbon tetra 
chlonde may be analysed by the method of 
Warren (Amer J Pharm 1923, 95 864) or by 
that of Spausta (Motorenbetrieb u Maschinen 
Schmierung, 1930, 7, 7) General references 
M R Oshum, N J Dept Agnc 1930, Circular, 
No 188 (Fresh Fruit), Sanders and Wahl 
UmonS Africa Dept Agnc 1927, Bull, No 28 
(Maize), Wenholz, Agnc Gaz New South 
Wales, 1927, 38, 255 and 367 (Maize) . Janeke 
and Lange, Z angew Entomol 1930, 17, No 2, 
386 (Herbanum Plants) , Vichamco, Philippine 
Agnc 1932, 20, No 9, 693 (Timber) , Larson, 
J Agnc Res 1924,28 347 (Beans). K Endo, 
Kontyfl, 1937, 11, 70, and Rev Appl Entomol 
1937, 25A, 335 (Wheat) „ 

The Halogenated Hydrocarbons —Car 
bon tetrachlonde, tnchlorethylene and ethylene 
dichlonde are fumigants of some importance 
The order given is that of increasing lnflamma 
bility , ethylene dichlonde is barely inflammable, 
carbon tetrachlonde is a good fire extinguisher 
They require a temperature of 70°F or over to 
be really effective unless a heated vaporiser is 
used, and their vapours are all much heavier 
than air Carbon tetrachlonde, which is 
commonly used with carbon disulphide may be 
replaced by tnchlorethylene Ethylene di 
chlonde is by far the most toxic It is used to 
some extent, mixed with carbon tetrachlonde 
in the ratio of 3 1 bv volume, for the fumigation 
of gram and of furniture and other goods in 
special chambers some of which are heated. A 
combination with tnchlorethylene is useful 
since a mixture can be selected, the partial 
vapour pressures of the constituents of which 
are equal There is also the advantage of the 
greater toxicity of tnchlorethylene 
Pen tacMoretha ne is a constituent of a spray 
cum fumigant used m the disinfection and 
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disinfestation, of rolling stock (L. F. Hovte, Ind. 
Eng. Chem. 1923, 20, 460 and 931; J. E. 
Thomas, J. Connc. ScL Ind. Res. Australia, 1929, 
2, 12-3). These compounds do not much reduce 
the percentage germination of grain (A. Muller, 
Chem.-Ztg. 1927, 51, 510). If pure they have 
little action on metals (Fonnanek, Chem. Zentr. 
1930, 101, H, S76). They are definitely poisonous 
(Browning, “ Toxicity of Industrial Organic 
Solvents,” HAT. Stationery Office, 1937, 136). 

Trichlorethtdene is used as a seed disinfestant 
(Bouhelier and Fouw, Rev. Path. ves. 1938, 
25,5). ' ’ 

Experiments have been conducted by a fev 
workers on rr.eihaUul chloride, CH,:CMe’CHjCt 
(Briejer, Mature, 1933, 141, 1099 ; “ Methallyl 
Chloride as a Fumigant against Insects in- 
festing Stored Products,” X. V. de Bataafsehe 
Petrofeum Maatschappij). 

Jdethy! Bromide has been -widely tested and 
found to be very effective, but its use on a large 
scale so far has been restricted owing to its 
toxicity to man. While there is no doubt- that 
this is high it need not prove an insuperable 
drawback. The evidence at present is some- 
what eonSicring (Mackie, J. Econ. EntomoL 
193S, 31, 70 ; Fiske and Shepard, ibid. 193S, 
31. 79 ; Munro, Rep. Entomol. Soc. Ont. 193S, 
68. 72). Methyl bromide is non-infiammable 
and has been used to reduce fire risk of ethylene 
oxide (Le Goupfi, Rev. Path. veg. 1932, 19, 
169). 

para-jDicfforoerrcne is used as a fumigant 
against clothes moth (Suter, Swiss P. 20154S), 
against wood-boring beetles and against potato 
weevils, Gy das formicaries (U.S. Dept. -Agri., 
Leaflet Xo. 121). For use against- wood-boring 
beetles the jp-dichlorbenzeae is dissolved, some- 
times in o-dichlorbeuzene, and sprayed or 
applied to the woodwork with a brush, after 
which the holes should preferably be filled with 
bees-wax or covered with pasted paper. 

o-Di chlorbenzene was used fairly extensively 
for bed-bug fumigation in bouses. This practice 
is now deprecated by the Ministry of Health 
which has advised local authorities against it 
pending further investigations on its toxicity 
to man. It appears to have a cumulative toxic 
effect at low concentrations and long periods of 
exposure; houses fumigated with it could not 
be aired sufficiently rapidly (Cameron and 
Thomas, J. Path. Bact. 1937, 44, 231). 

Chloropicrin is a fumigant with a fairly high 
toxicity. Its ose is limited by its corrosive 
action on metals, its destruction of yeast 
activity, its bleaching of flour, and other dis- 
advantages (Chapman and Johnson, J. Agric. 
Bes. 192.5, 31, 745). It is a powerful iachry- 
mator, is poisonous and its effects are probably 
cumulative, some persons being peculiarly sensi- 
tive. It is quite widely used, although not in 
this country. It is applied by spraying under 
pressure, as in the machinery piping system 
for flour mills described by Dean, Cotton and 
Wagner (U.S. Dept. Agric. 1936, Circular Xo. 
390). It is also sprinkled over goods or ladled 
into milling or other machinery. It is also used 
in chambers equipped with vaporising, gas 
circulating and heating devices. It is very 
slightlv soluble in water bv which it is not 
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hydrolysed. Its vapour is stated not to be 
strongly absorbed by fibrous materials although 
it is readily held by active charcoal (Herbst, 
Biochem. Z. 1921, 115, 204). It is said to have 
an irritant action at a concentration of 0-02 mg. 
per litre ( K i ss , Z. ges. Schiess- u. SprengstoSw. 
1930, 25, 260 and 300). According to Deckert 
(Z. Hyg. Infektionskrankh. 1929, 109, 485) this 
physiological detection is more sensitive than 
any of the chemical tests. The principal 
chemical tests Ere those of Xekrassov (Yoina i 
Tecnica, 1926, 275, 32) in which a yellow 
precipitate is formed by passing the gas through 
an alcoholic solution of the potassium salt of 
dithioethylene glycol ; and of Deckert (Z. anal. 
Chem. 193 S, 113, 183) in which dimethylaniline 
paper changes from white to yellow or maroon 
in presence of the gas. The first reaction may 
be used for determination since potassium 
chloride is formed quantitatively. The lachry- 
matory property of chloropicrin should be a 
safeguard in its use. The limit of supportabflity 
is said to be 0-05 mg. per litre w hils t the lethal 
exposure time at a concentration of 1-0 mg. per 
litre is said to be 20 minutes (Prentiss, 
“ Chemicals in War,” Xew York, 1937). 
General references. — Grain : Harukawa and 
Knmashiro, Ber. Ohara Inst. 1934, 6, 407 ; 
Bertrand, China, et Ind. 1937, 37, 419. Rice: 
Kono, J. Plant Prot. 1937, 24, 520. Bed-bugs : 
Gounelle and RouL Rev. Service Sant. Milit. 
1937, 106, SSI. Tobacco: Skalov, Tobacco 
Ind. 1934, Xo. 1, 20. Rats: Piedallu, Bull, 
mens, office intern, hyg. publ. 1930, 22, 763; 
Johnson, Sanit. Products, Sect. Soap, 1935, 
11, 105, 107, 109. Bacteria: Yiolle, Compt 
rend. 1926, 182, 290. Elimination after fumi- 
gation : JeSmenko, Chem. Zentr. 1937, 10S, n, 
2035. Bibliography : Roark and Busbey, U.S. 
Dept. Agric. Bur. EntomoL Plant Quarantine, 

1935, E-351 ; Expt. Sta. Bee. 1935, 73, 647). 
Other Fumigants. — Ethyl and methyl for- 
mates are used, chiefly in the fumigation of 
packed goods, e.y. dried fruits (Co-operated 
Dried Erurts Sales Pty. Ltd., Chem. Zentr. 

1936, 107, L 1935). When these are used on a 
larger scale, eg. in milling machinery, a large 
proportion of carbon dioxide is added to reduce 
inflammability. 

Phosphine, generated by the action of moisture 
from the air on aluminium or calcium phosphide 
contained in packets, is used in Germany, 
chiefiv for the f umig ation- of bulked grain. 
The packets are buried in the grain which is 
exposed to a low concentration for a long period 
(Maver, Z. Gesundheitstech. Stadtehyg. 1934, 
26, 377; Freyberg, Chem. Zentr. 1937, 103, II, 
125). The poisonous nature of the gas is 
stressed by Flurv (Anz. Schadlingskunde, 1937, 

13, 26). * , . . „ . 

Hviroger. Sulphide is used principally in 
Russia, 'asrainst* rats (Krylova, BulL Plant 
Protection, I7-S-S-R. 193t>, 6, Scr. 3, 68 ; rimer. 
Chem. Abs. 1937, 31, 2342) ; as a seed disinfec- 
tant (Yzoroff, Bull. Plant Protection, Leningrad, 
1935, 6, Ser. 3, 4S; Rev. App. Myc. 1936, 15. 
669); for grain and vegetables (Edelman. 
Lenin Acad. Agric. Sd. 1936, 422 ; Rev. Applied 
Entomol. 1937, 25A, 15S). 

A fraction of heavy cccl tor naphtha with a 
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boiling range of about 150-280°C is now 
being used in England for the fumigation of 
empty buildings, chiefly houses infested with 
bed bugs (Ashmore and McK Hughes, Brit 
Med J 1937, i, 459 , Cameron, J -Path Bact 
1938, 46, 95) The proportion of low boding 
constituents is governed by the flash point, a 
certain proportion of unsaturated heteroeyehc 
compounds should be present as well as a 
proportion of paraffins, of which the cyclic 
paraffins are the more toxic, and a small 
proportion of cresols 

The following is a short list of papers dealing 
with practical methods of fumigation in 
Germany and America and with the suitability 
of different fumigants for various products — 
Back and Cotton, U S Dept Agnc 1935, Circ 
P 3638, 369 , Peters, Ckem Zentr 1938, 109, 
I, 703 , Anz Sch&dlingskunde, 1938, 14, 1 16 , 
Gassner, Z hyg Zool Sch&dlwgsbekainpf 1937, 
29, 176 Dried fruit Simmons, U S Dept 
Agnc Bur Entomol Plant Quarantine, 1935, 
E 353, 15, Amer Chem Abs 1936,30,8418 
Bed bugs Gunderson and Strand, J Econ 
Entomol 1939, 32 106 Grain and flour 
Shepard, Minn Agnc Expt Stat Tech Bull 
1937, 120, 3, Amer Chem Abs 1937, 31, 
7185 

A B P P 

FUNG I STEROL (v Vol IV, 331c) 
FURAN [Furfuran] 

pCH—CHp 

a HC O CHa 

Furan is a five membered heterocykc ring 
containing four carbons and one oxygen It 
was first obtained by Rohde and is described 
by Limpncht (Ber 1870, 3 90) under the name 
of Tetraphenol Derivatives of furan were 
known as far back as 1780 when Scheele first 
obtained a furoic acid (pyromucic acid) by 
pyrolysis of mucic acid Furfural, the a 
aldehyde of furan, was discovered by Dobereiner 
(Annalen, 1832, 3, 141) 

Furan occurs in the wood oil obtained by the 
distillation of resinous woods such as Pine 
(Atterberg, Ber 1880, 13, 879) It is a const! 
tuent of Finnish oil of turpentine (Aschan, 
Z angew Chem 1907,20,1813) Furanhasbeen 
obtained by heating euccmdialdehyde with 
water m a sealed tube at 180° (Harries, Ber 1901, 
34, 1496) , by the distillation of calcium succinate 
(Metzner and \ orlander, Ber 1898, 31, 1886), 
by distillation of 2 5 dihydrofuran with phos 
phorus pentachlonde (Henmnger, Ann Chim 
Phys 1886, £vi], 7, 220) , by distillation of the 
* anum salt of pyromucic acid with soda lime 
i ht, Annalen, 1873, 165, 281), ap 
parently by passing acetylene and steam over 
aluminium oxide at 400-425°, and together 
with other products by passing acetaldehyde or 
paraldehjde over heated A!,O a (Tschitschi 
babm, Chem Zentr 1916, 1, 920) 

luran is obtained in moderate yield when 
furfural vapours are passed through soda bme 
at 350“ (Hurd and Osborne, J Amer Chem 
Soc 1932,54,2532) 

Preparation — Furan ha3 been prepared by 


heating pyromucic acid (furan 2 carboxylic acid, 
a furoic acid) in a sealed tube for 2 hours at 200- 
275° (Freundler, Compt rend 1897, 124, 1157) 

An improved method of preparation is given 
in* Organic Syntheses ’’Collective Vol I,p 269, 
the furan 2 carboxylic acid is distilled from 
round bottom flask which is fitted with an 
upright tube 2 5 cm m diam and 15 cm long 
provided with a side arm of the same diameter 
about 2 cm from the top The side arm extends 
into the bottom of an efficient 25 cm soda kme 
tower immersed in water at 40° to prevent 
condensation of furan From the top of the 
tower an outlet tube 5 cm in diam is extended 
to the top of an upright water condenser, to 
the lower end of which is attached a receiving 
flask surrounded by ice and salt The top of 
the upright tube in the reaction flask is closed 
by a cork stopper holding a glass rod for pushing 
back any sublimed acid into the flask The 
acid is heated to its boiling point, 200-205°, 
when furan and C0 2 are evolved The furan 
is redistilled, b p 31-34°/745 mm , yield 78% 

The above method has the disadvantage that 
it is necessary to push back sublimed o furoic 
acid in order to avoid clogging and to obtain 
a more complete conversion of the acid into 
furan H Gilman and M Lousiman (Rec 
trav china 1933, 52, 156) have found that the 
decarboxylation of a furoic acid may be effected 
with 90% yield if crude tar bases are used as 
solvent with small quantities of CuS0 4 or CuO 
as catalyst 

A further improvement has been made by 
E Wagner and J Simons (J Chem Educ 1936, 
13, 265) using CuO os catalyst but substituting 
quinoline for the crude tar bases The CuO is 
reduced to Cu and can be used repeatedly with 
the same quinoline without loss of efficiency 

Constitution — A satisfactory formula should 
take into account 

(1) The tendency of furan to form oxonium 
compounds (Gilman and Wright, J Amer 
Chem Soc 1930, 52, 3349) 

(2) The super aromatic properties of the furyl 
radicle ( see p 399c?), exceeding those of phenyl 
and thienyl (Gilman and Towne, Rec trav chim 
1932, 61, 1054) 

(3) The highly chromophonc properties of 
the nucleus (Stobbe and Eckert, Ber 1905, 38, 
4074) 

(4) Marked tendency for a substitution 

(5) Apparent conjugated system that under 
lies 1 4 addition (Gilman and Wnght, Ic) 

The following formulas have been suggested 



I II III IV 


9 9 ■ q 

V VI 
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I is tbs form in general ose to-day and was 
suggested by Baeyer and Emmerling'(Ber. IS70, 
3. 517 ; Msrckwald, ibid. 1S5S, 21, 1401). 

Since the distribution of tbe fourth valenev 
of each C-atom is unknown, form tils II (Stein- 
kopf et al., A nn alen, 1921, 424, 61; 1922, 
430, 78), III (Hughes and Johnson, J. Amer. 
Chem. Soc. 1931, 53, 737) and IV (Baeyer, 
Ber. 1877, 10, 135S) have been suggested bv 
analogy with benzene. 

Y has been snaaested bv Gilman and Dickev 
(Iowa State CoIL J. Sci. 1932, 6, 3S1), and VI is 
a modification of the Kekule revised formula 
for benzene, 6 being the active form. 

Gilman, Burtner and R. Yanderwal (Rec. 
trav. chim. 1933, 52, 151) have demonstrated 
the equivalence of the two c and also of the two 
° positions ; thus YI5 is not now feasible. 

Electronic formula for the furan ring are 
discussed in a paper by E. Hughes and J. 
Johnson (I.c.). 

Physical Peophstess. — F uxan is a colourless 
liquid which may be solidified by rapid evapora- 
tion (Limpricht, lx.), b.p. 31-4^-31-6'/756 mm.; 
(Henninger, i.c.), d z 0-9626; d li '‘ 0-93S, rJ£~ 
1-4214 (Landrieu, Bayloeq, Johnson, BnlL Soc. 
chim. 1929, [v], 45, 36). 

Heat of vaporisation 95-50 s.-cals. at 31-2' 
(Mathews and Fehlandt, ibid. 1831, 53, 3212). 

Specific heat C p (molal) of fursn is given bv 
14-2341 -H7-1SS x 10- 2 /-l-071 x I(rL‘ 2 (.Jennings 
and Busier, -J. Physical Chem. 1934, 38, 747). 

Fnran is insoluble in water, easily soluble in 
alcohol and ether, the vapour is quantitatively 
absorbed by 82-5% H.S 0 4 and this method may 
be used for the separation from ethylene but not 
from other unsaturated hydrocarbons (Hurd 
and Goldsbv, J. Amer. Chem. Soc. 1932, 54, 
2553). 

Furan and simple derivatives exhibit no selec- 
tive absorption in the visible or ultra-violet 
regions (to 2200 a). Molecular absorption coeffi- 
cients are, however, consistently higher for c- 
than for ^-derivatives and give a means of 
distinction (Hughes and Johnson, i.c.). 

Cehhicai, Pp.ophb.tivs. — Furan decomposes 
at- 670-740' in a quartz tube without a catalyst 
as contrasted with a temperature of 360" when 
heated in the presence of a nickel catalyst. The 
products at 670° are CO 75%, saturated hydro- 
carbons and hydrogen 12%, unsatnrated hydro- 
carbons 13% (acetylenes ; C 2 H.; C,H e , allene, 
cr/clop ropene and butadiene) (Hurd and Goldsbv, 
he.). 

Furan and certain of its derivatives resinify 
with min eral adds, thus rendering nuclear sub- 
stitution difficult (Limpricht, Ber. 1870, 3, 90) ; 
but many negatively substituted furan deriva- 
tives are stable towards adds (including halogen 
adds), Gilman and Youns (Bee. trav. chim. 
1932, 51, 761). 

Met alli c sodium and alk«Tf= do not attack 
furan and it combines neither with bisulphite 
nor hydroxy la mine. 

Reduction . — Reduction with hydrogen in the 
presence of nickel at 170’ gives tetrshydrofuran, 
b.p. 64-6o°/760 mm. together with n-butyl 
alcohol and other products (Bourguignon, 
Chem. Zentr. 199S, J, 1630). 


Catalytic reduction using PdO gives 93-6% 
tetrshydrofuran (Starr and Hixon, Organic 
Syntheses, 1936, 16, 17—80). 2:5-Dihydrofuxan 
is known but has not been prepared by hydro- 
genation. 

Oxidation . — Peracetic add mainly polv- 
merises furan but one of the products obtained 
in small yield forms a hydrazone. 

Perbenzoic acid in chloroform gives a benzoate 
of l:2-dihydroxy-l:2-dihydrofhran, m.p. 98-100° 
(Boeseken, Vennji, Bunge and van Meewwen, 
Rec. trav. chim. 1931, 50, 1023). 

Yanandium pentoxide at 250-410° with air 
or oxygen yields 65% maleic acid (Y. Milas 
and W. Walsh, J. Amer. Chem. Soc. 1935, 57, 
13S9). 

The Liebermann-Burchard reaction applies also 
to furan and many of its derivatives : 1-2 drops of 
solution or 10-20 mg. of solid dissolved in 2 c.c. 
chloroform, 10 drops of (CH 3 C0),0 and 1-3 
drops of cone. H 2 S0 4 added (Levine and 
Richman, Proc. Soc. Exp. Biol. Med. 1934, 
31, 5S2). The pine splinter reaction (pine chip 
moistened with HO) used for the pyrrole ring; 
is also applicable to furan and most of its com” 
pounds. The monosnbstituted fhrans give a 
green colour, but the high melting furans give 
a red colour similar to that given by pyrrole 
compounds. The Ehrlich test for the pyrrole ring 
(6-dimethyIaminobenzaldehyde) is also given 
by the high melt ins furans (Reichstein, Helv. 
Chim. Acta, 1932, 15, 1110). 

Nitration . — By treatment of furan with 
fuming nitric acid in acetic anhydride, 5-nitro- 
2-acetoxy-2:5-dihydrofuran is obtained (Mar- 
quis, Compt. rend. 1902, 134, 776; Johnson, 
J. Amer. Chem. Soc. . 1931, 53, 1142). The 
nitro group markedly increases the stability of 
furan (Gilman and Wright, ibid. 1930, 52, 2550). 

Sulpbonation . — Furan has not yet- been sul- 
phonsted but 2-furansulphonic acid and its 
derivatives have been prepared by indirect 
methods. 

Ice-cold furan in chloroform treated with ozone 
diluted with CO. gives a resin on evapora- 
tion which on treatment with water leaves 
a maroon-coloured compound of formula 
C 1 .H 12 O 10 , soluble in cold 10% NaOH and 
glacial acetic acid, and gives the characteristic 
reaction with a pine splinter. The ozonide of 
furan is so unstable (decomposition above 0°) 
that it could not be isolated (M. Freri, Gazzetta, 
1933, 63, 281). 

Gilman and Brener have succeeded in obtain- 
ing metallic derivatives of furan, e.a. 2-furyl- 
sodium (J. Amer. Chem. Soc. 1934, 56, 1123). 

The Friedel-Crafts reaction has been frequently 
applied in furan chemistry for nuclear substitu- 
tion (Gxhnan and Calloway, ibid. 1933, 55, 4197 ; 
McCorkle, Gilman and Calloway, ibid. 1934, 56, 
745). ’ 

Furan reacts with dry HCN and HCI 
(G attennan reaction) except when both c- 
posrtions are occupied or when the — CO OR or 
phenvlene groups replace H in the ring (T. 
Reichstein, Helv. CMm. Acta, 1930, 13, 349, 
1930), 

Aromatic Properties. — Super-aromatic pro- 
perties are ascribed to a compound when it 
undergoes a typical aromatic reaction more 
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readily than the parent unsubstituted com 
pound Like thiopben, furan, and especially the 
a substituted furans, possess super aromatic 
properties The ft substituted furans are less 
aromatic but appear to exceed the benzene types 
which they otherwise resemble closely The 
results show that 2 furyl, 2 thienyl and phenyl 
are decreasingly aromatic (Gilman and Towne 
Rec trav chim 1932, 51, 1054, Gilman and 
Calloway, J Amer Ckem Soc 1933, 55,4197, 
Gilman and Young, ibid 1934, 56, 464) 

Orientation — (1) Direct nuclear substitution 
of furan gives an a mono substituted furan and 
no ft substituted isomer is formed 

(2) Direct nuclear substitution of an a 
substituted furan gives an aa' disubstituted 
furan, apparently to the exclusion of any iso 
meric aft disubstituted furan 

(3) Direct nuclear substitution of an aa' 
disubstituted furan yields generally but one 
aa'ft tnsubstituted furan If in an aa' disub 
stituted furan one of the substituents is an 
o p director in benzene and the other a m 
director the entering element or group is directed 
to that ft position contiguous to the o p director 
(Gilman, Calloway and Smith, ibid 1934, 56, 
220 ) 

(4) Direct nuclear substitution of ft substituted 
furans, now available by indirect methods, m 
volvea the replacement of an a hydrogen If the 
ft group is an o p director m the benzene senes 
the entering group goes to the contiguous a C 
atom, if a m director to the more remote or 
opposito a C atom (Gilman and Burtner, ibid 
1933, 65, 2903) 

See also Gilman and Wright, Chem Review, 
1932, 11, 323 , Gilman it al, “ Orientation in 
the I uran Nucleus,” J Amer Chem Soc 1032, 
onwards 

Derivatives —Nomenclature 


HC— CH HC— C— 

hIoL hIoIh 

a Furyl or Furyl 2 ft Turyl or Furyl 3 
HC — CH HC— CH 

HC O i CH* — H& O C CH/ 

Furfuryl Furfurylldeo 

HC— CH HC— CH 

H<5o!:C^ Hcotco 

Furfurenyl Furfuroyl (Pyromucyl) 

The following are a few of the more important 
compounds 

Furfural (q v ) 

Sylvan or 2 methylfuran is obtained from the 
f distillation of wood oils, bp C5°/759 mm 
(Harries, Ber 1898, 31, 37) 

Elhylfuran, bp 91 3° (Paul, Bull Soc chim I 
1935, (v), 2, 2220) 

Furfuryl alcohol, liquid with a charactenstic 
odour.bp 6S-C9°/10mm ,bp 170-171°/758 mm 
(Erdmann, Ber 1002, 85, 1855) Furfuryl 
alcohol is used in the manufacture of resins and 
textile dyes 


FURFURAL (furfurol, furfuraldehyde, 2 
furaldebyde, pyromucic aldehyde), 

/On 

CH CCHO 

[[ II 

CH— CH 

is formed in small yield in a wide variety of 
organic decompositions, such as the distillation 
of oak timber, the fermentation of carbohydrates, 
and from sugar by the action of sulphuric acid 
and manganese dioxide (Doberemer, 1830), but 
the only practical method of preparation is the 
dehydration of pentoses (or "pentosans, which 
give pentoses on hydrolysis) by boibug with 
dilute HC1 or H 2 S0 4 (Pervier and Gortner, 
Ind Eng Chem 1923, 15, 1167, 1255) The 
furfural distils off in steam The reaction pro 
ceeds thus 


! oh ch- 

f H 1 in 

\ 


OH | 


\o H 


*. CH CCHO 

(Tollens and Stone, Annalen, 1888, 249, 227) 
Pentosans are present in all naturally occurring 
cellulosic materials such as wood, straw, bran 
and gram hulls Oat hulls are a very fruitful 
source, containing 32-36% of pentosans, and 
Qua’ 


have been utilised by the Quaker Oats Co , Ltd , 
for the large scale preparation of furfural. 
see Miner and Brownlee, U S P 1735084 The 
hulls, moistened with 6% sulphuric acid, are 
hydrolysed at 150° by a current of steam at 60 lb 
pressure in rotary steel autoclaves The fur 
fural is recovered by fractionation For high 
yields, a email water-hull ratio is essential, the 
best yield (10% on the weight of the halls) 
being obtained when the ratio is 0 27 (Brownlee, 
Ind Eng Chem 1927, 19, 422) 

Pure furfural is a colourless liquid miscible 
with most organio solvents except petroleum 
hydrocarbons and glycerol Mains (Chem 
Met Eng 1921, 26, 770, 841) gives bp 
161 7°/760 mm, fp -36 5°, df 1 1598, 

I 1545 . 

20* 30* op; 

% % \ 

Solubility of furfural in water 8 3 8 8 16 6 

Solubility of water in furfural 4 8 6 8 13 5 

Mains also gives densities, boiling points and dis 
t illation composition of various water-furfural 
mixtures Evans and Aylesworth (Ind Eng 
Chem 1926, 18, 24) give n™ 1 52603, b p 
161 7°/760 mm They also give the vapour* 
pressure curve from 40-170°, t e 8 to 966 mm 
Berthelot and Rivals (Compt rend 1895, 120, 
1086) give the heat of formation as 49 7 kg -cal , 
The flash point 55-57°. Mathews {J Amer 
Chem Soc 1926, 48, 562) gives the heat of 
vaporisation as 107 51 g *cal 
For the detection of furfural Tollens reagent 
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(oreinol in HC1) is most sensitive, giving a red 
colour with. 1 part in 600,000 (Justm-Mueller, 
J. Phann. China. 1921, [vii], 24, 334). The use 
of aniline (Tolman and Trescot, J. Amer. Chem. 
Soc. 1906, 28, 1629) or xvlidene (Snminoknra 
and Xakahara, 19 29, A, 86) in place of the 
oreinol are recommended. The test with oreinol 
has been extended to a colorimetric method of 
estimation bv Flenrr and Poirot (J. Pharm. 
Chian. 1922, [vifj, 26, 87). 

Three methods of est ima tion are in use : 

(1) P.eaction frith hydroxvla min e hydro- 
chloride and titration of the HC1 liberated by 
the formation of the oxime (Noll, Bolz and Belz, 
Papier-Pabr. 1930, 28, ii, 568). 

(2) Precipitation with phloroglucinol in HCI 
(Krober el cl., Z. angew. Chem. 1902, 15, 477). 

(3) Perrier and Gortner have reviewed all 
previous methods and devised a method of 
electrometric titration with potassium bromate 
(In<L Eng. Chem. 1923, 15, 1167, 1255). For 
the occurrence and estimation of furfural in 
foodstuffs, see. papers by Lampitt el al. in the 
Analyst, 1927-31. 

Although furfural has only been a commercial 
product since 1923, it and its numerous deriva- 
tives have found wide application in industry 
and offer promise of considerably increased use- 
fulness. As a selective solvent it is used in the 
purification of lubricating oils (Bryant, Hanley 
and McCarty, Oil and Gas J. 1935, 33, 50) and 
of pine resin (Kaiser and Hancock, Ind. Eng. 
Chem. 1930, 22, 446), and in the extraction of 
impurities from oils and fats (Tischer, U.S.P. 
2090738). Among numerous minor uses as a 
solvent may be mentioned its use in the grinding 
wheel industry, when it is used as a solvent for 
the binder (Brock, U.S.P. 1537454), for cellulose 
nitrate (Trickey, Ind. Eng. Chem. 1927, 19, 
643) and in the shoe dyeing industry, where its 
great penetrating power and relatively non-toxic 
character make it an ideal solvent (Miner, U.S.P. 
1760076). A recent patent suggests its use in 
the manufacture of crease-resistinz cloth (B.P. 
445243). 

It has found use as a vetting agent to prevent 
efflorescence on silica films and bubbles on 
electrotype plates. 

It is important in the manufacture of synthetic 
resins. It combines readily with phenols to give 
potential resins, which when heated under 
pressure with an accelerator give excellent 
mouldings (Novotny, U.S.P. 139S146 ; Peters, 
Ind. Eng. Chem. 1936, 28, 755). 

Similar condensations occur with amides 
(Cherry and Kurath, U.S.P. 1S00S15 ; Moss and 
White, U.S.P. 1902255), ketones (idem, U.S.P. 
1902256) and other groups. It forms an im- 
portant condensation product with lignin 
(Phillips, U-S-P. 1750903). Some furfural resins 
are easily photosensitized and find application 
in lithography and etching of metals (Beebe, 
Murray and Herlinger, U.S.P. 15S7269). 

Furfural offers promise as a fungicide, bacteri- 
cide and herbicide. Athlete’s foot and swimmer’s 
itch, both fungus diseases, yield to treatment 
with it, and it is also useful to destroy organisms 
that attack grain (P.eddy, Phytopath. 1930, 20. 
147). An emulsion of kerosene (89), furfur- 
aldehyde (10) and crude petroleum (1) is cm- 
Vol. V.— 26 


j ployed with success in the destruction of annual 
weeds especially dandeh'ons (Melhus, U.S.P. 
2007433). It is a preservative for glue and 
starch and for biological preparations. It has 
also been suggested for use as a fly repellant and 
in synthetic perfumes. 

A recent patent claims that it is fatal to rats 
but harmless to all domestic animals except 
rabbits (de Wiezwirtszky, F.P. 695394). 

Mercury hydrofniamide has been used in the 
treatment of fungus diseases in wheat. 

In its chemical properties furfural closely 
resembles benzaldehyde, giving furoin with 
KCN (Fischer, Annalen, 18S2,~211, 214) and 
a green dyestuff with dimethylanlline (Renshaw 
and Naylor, J. Amer. Chem. Soc. 1922, 44, 862). 
It gives a urethane, m.p. 169', and a semi- 
carbazone, m.p. 202-203°. It is somewhat less 
sensitive to atmospheric oxidation than benz- 
aldehyde, but more sensitive to light and adds. 

Ammonia reacts in the cold with furfural to 
yield hydroforamide, m.p. 117° (C < H,0-CH),Nj 
(Schiff, Ber. 1877, 10, 11S6). This compound is 
used as an accelerator and anti-oxidant in the 
manufacture of resins (Xovotnv and Kendall, 
U.S.P. 1705496). 

Nitration of furfural with HN0 3 d 1-5 in 
acetic anhydride below —5° gives 5-nitro- 
furfural diacelate, m.p. 92-5°, which on hydrolysis 
gives 5-nitrofurfu.ral, m.p. 75-76° (Gilman and 
Wright, J. Amer. Chem. Soc. 1930, 52, 2550,4165). 

Furfural undergoes the Cannizzaro reaction 
with sodium hvdroxide to give furfuryl alcohol 
(C < H 3 0)CHj-OH, b.p. S3=/24 mm., n% 1-4869, 
and furoic acid ( pyromucic acid), 
(C^H 3 0)C00H, 

m-p. 131-132° (Hurd, Garrett and Osborne, 
J. Amer. Chem. Soc. 1933, 55, 10S2). Furoic 
arid may also be obtained by the oxidation of 
furfural with permanganates, dichrom3tes or 
catalytically. Esters of furoic arid have been 
suggested as plasticisers and solvents. 

Under certain conditions fnrfnraldebyde may 
be oxidised to maleic arid, yields of S0% being 
claimed in one process (Zumstein, U.S.P. 
I9564S2). This opens up the possibility of the 
commercial use of the Diels-Alder reaction. 

Furfuryl alcohol is also prepared by the 
catalytic reduction of furfural using nickel 
(Psdoa and Ponti, Atti. R. Accad. Lincei, 1906, 
15, H, 610), or iron (Priors heim and Noth, Ber. 
1920, 53 [B], 114). Using palladium black 
(Weinhans, ibid. 1920, 53, [BJ 1656) or platinum 
black (Kaufmann and Adams, J. Amer. Chem. 
Soc. 1923, 45, 3029; 1925, 47, 1093) there are 
obtained furfuryl and tetrabydrofurfuryl 
'cH,— CH, 



alcohol and various pentane diols. With un- 
octivated PtO, the reaction stops at furfuryl 
alcohol (Pierce and Parks, ibid. 1929, 51, 33S4). 

Furfuryl and tetrabydrofurfuryl alcohols are 
manufactured commcrciallv using nickel cat- 
alysts (Peters, U.S.P. 1906873; I.CJ-, B.P. 
337296) and find application as solvents in 
the resin industry, for tortile printing pastes 
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(Durand and Huguemn, F P 769171) and for 
paint removers (Mams, U S P 1381485, 1483587} 
Furfuryl alcohol with H Cl gives a jet black resin 
used for the tops of laboratory tables (rawkcs 
U8P 1733124) Tetrahydrofurfuryl alcohol 
offers possibilities as a wetting agent (Bertsch, 
USP 1967656, H Tr Bohme A G, BP 
393164, 402295) especially m the mercensation 
of cotton (Soc Chem Ind Basle, B P 431662) 
Furfuryl xanthate has found commercial appli 
cation as a flotation agent in ore refining (Keller, 
USP 1069269) 

Furfuryl Ethers (Wissell and Tollens, Annalen, 
1893, 272, 303) 

bp dH 

Methyl 134-136° 1 0315 

Ethyl 148-150° 0 9884 

n Propyl 164-166° 0 9722 

Amyl 196-19S° — 

Furfuryl Esters — The ordinary methods of 
esterification cannot be employed as mineral 
acids resmify the alcohol Resort must be had 
to the action of acid anhydrides or to Schollen 
Baumann reactions The following esters are 
water white oily liquids with pleasant odours 
(Zanetti, Amer Chem J 1925, 47, 635) 

b p (corr ) d 30 

760 mm 1 mm 

Acetate 175-177° 1 1175 

Propionate 195-196° 69-60° 1 1085 

Butyrate 212-213° 69-70° 1 0530 

Valerate 228-229° 82-83° 1 0284 

Benzoate ca 275° — — 

(Wissell and Tollens, l c ) 

FURIL, C 10 H # O 4 FUROIN, 

OC 4 H 3 CO CO c 4 h 3 o 

Furfural behaves like an aromatic aldehyde 
undergoing the acylom polymerisation m 
presence of potassium cyanide, 

20C 4 H 3 CHO=OC 4 H 3 CH (OH) CO C 4 H s O 
The acylom (furoin) can be oxidised to tho 
diketone (furil) 

For the preparation of furoin, E Fischer 
(Annalen, 1882, 211, 218) boiled 40 parts of 
tix&yal, Ui ys.’rta, S/1 ’pa-Ai vA utAwi 

and 4 parts of potassium cyanide for 30-46 
minutes and crystallised the product from a 
mixture of toluene and alcohol Prisms, m p 
135° It gives a methyl ether (Irvine and 
McNicoll, J C S 1008 93,1610), acetyl denva 
/ire, m p 76-77° (Fischer) and two isomeric 
oxtmes, m p 160-161° and 102° respectively 
(A Werner and Detscheff, Bor 1905,88,70, see 
also Maenair, Annalen, 1890, 258, 222), phenyl 
hydrazone, m p 79-81° (Maenair) Heat of 
imbustion, 1097 7 kg cal /mol at const vol 
Vrede, Z physikal Chem 1910, 75, 92) 

For the oxidation of furoin to furil, E Fischer 
c. 221) dissolved 1 part of furom m 12 parts 
f hot alcohol, rapidly cooled the solution and 
rought tho lino crystalline separation into solu 
on with a little caustic soda An equal volume 
f water was added and air drawn through at 0° 
ntil tho greenish blue colour had given place 
1 a dirty brown , precipitation was completed 
y the addition of water and tho funl crystal 
sed from alcohol Yellow needles, m p 162° 
uni is obtained in 63% yield by oxidation of 
irom (unproved preparation given) with 


CuS0 4 in pyridine (Hartman and Dickey, J 
Amer Chem Soc 1933, 65, 1228) 

Furil gives a and p monoximes, m p 106° 
and 97-98° respectively, a)so a and p dionmes, 
m p 166-168° and 188-190° decomp respec 
tively (Maenair, l c 226) The a dioxime (but 
not the p compound) gives complexes with 
vanous metallic salts (Tschugaeff, Ber 190S, 
41, 1681) and has been recommended for the 
estimation of nickel (t> Vol II, 612c) The 
oxime, as obtained by refluxing furil with 
hydroxylamme hydrochloride in presence of 
methyl alcohol is sufficiently pure for the pur 
pose, it is soluble to the extent of about 2% 
in boiling water and its nickel derivative has 
an approximate solubility of 1 6,000 000 m 
water and is less liable to contamination with 
unchanged dioxide than the corresponding 
benzildioxime salt (Soule, J Amer Chem Soc 
1025, 47, 982) 

Turil yields a phenylhydrazone, m p 82-83°, 
and phenylosazone, m p 184° (Maenair,^ c^225) 

FUR I N E, furfunne, 2 4 5 tnfuiyl 4 5 di 
hydroimidazole, C, s H ia 0 3 N 8 , is prepared by 
converting furfuratdehyde into hydrofuramide 
with aqueous ammonia and effecting the cyclisa 
tion either with boiling dilute caustio potash 
(Bahrmann, J pr Chem 1883 [u], 27, 313) or 
with bquid ammonia containing potassamido 
(H H Strain, J Amer ChemISoc 1930,62,1216) 
3C 4 H s O CHO+2 NH s 

(C 4 H 3 0 CH N) S CH C 4 H a O 
C 4 H 3 0 CH-NHv 

- | >c 4 h 3 o 

c 4 h 3 o ch-n^ 

Tunne is a mono acid base, m p 117°, soluble 
in organic solvents and in hot water, sparingly 
soluble in cold water , it forms an insoluble 
oxalate and a characteristic nitrate, mp 94 
(Strain, Ic), but melting at 182° after crystal 
lining from alcohol ether (DeI4pine, Bull Soc 
chim, 1888, [m], 19, 176. gives mp 154) 
S-ernrt. yitWa xsctf wmn wk’waA'^'Kdb.sndium^ 
and a mtrosamxne, C,.Hji 0 4 N 3 in presence 
of mtrous acid (Schiff, Ber 1878, It, 1250) 
Funne has been proposed as a rubber 
vulcanisation accelerator (J P Trickey ana G J 
Leuck, Ind Eng Chem 1926. 18 812), furrne 
is also claimed to have a beneficial effect on the 
ageing properties of vulcanised rubber (B P 
315661), to be an inhibitor of the automation ot 
aldehydes (USP 1766760) and, adsorbed on 
infusorial earth, to act as ft disinfectant and anti 
septic (USP 1738740) 

FUROIC ACID v FimrtrRAL 
FUROIN v Furil 

FURUNCUL1N. A medicinal preparation 
of dried yeast (Zellner and Wolff, Pharm Ztg 
1913,58 1046) 

FURYL ALCOHOL t> Tokfural 
FUSANOLS The names, a and p fusanol, 
were given by Sudborough and Rao (J Indian 
Inst Sci 1922, 6, 163) to two sesquiterpene 
alcohols which they claimed to have isolate 
from the wood oil of Eucarya spicata, the so 
called West Australian sandalwood cm JW 
more recent investigations of Penfold (J rtoc. 
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Herr. See. XS.V. . 192S, 62. 50 ; 1932, 66, 240), 
have ver. tare shown that these alcohols camo: 
ha~e_ been homogeneous since the oil contains, 
in addition to the santalols. a primary alcohol 
having a very low density (circa 0-93S}’ — Hch is 
probably acyclic. There wguM appear to be 
no reason for retaining the names c- and 
fhsanol in the literature! 

J. L. S. 

FUSEL OIL (Ger. Fnselol; Fr. Htrile de 
pommes de ie me}. This snhstance is nrodneed 
in comparatively srtaH quantities in the alcoholic 
fermentatfen of various bodies, ext. potatoes, 
irate, beetroot and grain. The proportion 
present varies accor ding to the orhdnal sub- 
stance. the condition of the mash and the method 
of fermentation. The alcohol obtained from 
potatoes nsnaOy contains the largest proportion. 
Alkaline liquids, particularly when warm and 
containing large q uan tities of sugar, promote 
its fo rm ation, while acid liquids, especially 
when containing tartaric, racemic or citric acids 
are said to prevent its production. The presence, 
in any quantity, of tartan or certain bitters such 
as that of hops also has an inhibitory erect, so 
that wines, etc- are nsoally free from feel 0-3. 

The proportion present in the alcohol finally 
predated also depends trpon the method of 
rectification, that ton pot stSIs containing 
higher proportions than the product of highly 
rectifying patent sttEs. When the latter are 
used, however, the amatmt of fhsel oil obtained 
as a by-prodnec naturally tends to increase. 
Tens the development of the commercial pro- 
duction of alcohol of very high strength has 
resnlred in an increase in the quantity of feel 
oil refected during rectmeatf on. As an e sample, 
before 1923 no feel oil was produced in tie 
Phmpptre Islands. Xow 1-5% of the crude 
alcohol produced is collected as feel oiL Fusel 
oil is contained principally in those fractions of 
the alcoholic distillate boding between 105' and 
13.5b Between 105^ and 120 c most of the i»o- 
butyl alcohol is obtained whilst the amyl 
alcohols distil principally between 125° and 132°. 
According to Forte (Philipphie J. ScL 1924, 25, 
if a continuous still is used the feel oil 
tends to collect at a point in the column where 
the alcoholic concentration is about 43% and 
rt may be tapped off. If batch rectmcatfon is 
used the thir d and fourth fractions, containing 


15-25% of feel oil, are collected in a separating 
tank and rectifier, .uris has been confirmed by 
other workers although the distribution of the 
oil is affected. by the conditions of rectification 
and it may easily be- extended to higher fractions. 
Kilp and Deplancue (Z. Spiritusind. 1934, 57, 
3-06} have studied the formation of fusel od in 
relation to the generation of alcohol in mashes 
' tfces and molasses. They found 
in tie iormer alcohol was generated 1 hour 
before any feel oil could be found whilst in the 
latter the feel oil formation preceded that of 
the alcohol by 5 hours. Kilo (ibid. 219) also 
found that barley malt and oat malt mashes 
gave a ppro ximately the same feel oil content. 
Higher alcohols are said to be rapidly produced 
after fermentation ceases. They, therefore, tend 
to increase the longer the interval between fer- 
mentation and distilla tion. This ms v be due 


mace ot potato 


to some organism other than yeast becoming 
active after the latter has ceased to work. 
Glimm and Stentzel (Z. ges. Brauw. 1931, 54, 49, 
57, 65) state that the production of feel oil in 
beer depends on the time and temperature of 
storage, as well as on the amino-acid content of 
the wort, increasing to a m aximum with in- 
creased time, after which it remains constant. 
The elimination of feel oil from the final product 
has resulted in an increase in the proportion to 
be found in the spent wort, and Luhder (Z. 
Spiritusind- 1926, 49, 2S6) points out the neces- 
sity for its removal if the residue is to be used as 
animal food. 

Fusel Oil in Potable Spirit ». — The injurious 
: effect of raw or recently manufactured spirits 
has been attributed to the presence of feel oil 
produced during the fermentation and not 
thoroughly separated. Bell considered it to 
be doe rather to furfural and other empyreumatic 
bodies and this view was supported by Lauder 
Bmnton, who thought that the toxic effect of 
spirit may also be attributed, in some cases, 
to tbs presence of traces of alkaloids! bodies, 
arising from the decomposition of albuminous 
substances in the mash. Schidrowitz also 
found in new whisky substances such as pyrrole, 
phenolic bodies, traces of nitriles, etc., which 
disappear as the spirit matures (J.S-CJ- 1905, 
24, 5S5). The actual adulteration of alcoholic 
: liquors with feel oil is improbable, but spirits 
containing 0-3% are usually deemed to be 
injurious, although the general tendency of the 
evidence given before the P.oyal Commission 
on Whisiy and Potable Spirits was to show 
that the harmful effect of spirits is due to the 
ethyl alcohol itself rather than to feel oil or 
other secondary products present. Prior to ISS7 
Beer recommended a maximum permissible 
limit of the feel oil in brandy, liqueurs, etc_ 
of 0-3%; but Bodlander and Traube {Eep. 
Anal. Chem. ISS7, 7, 167), who examined 
a number of commercial spirits, proposed a 
Kmkr of 0-10-0-15 %. Baw *• brandy,” pro- 
duced in Switzerland from potatoes, maize 
and the residues from breweries, has been found 
to contain 1-32% of feel oiL After filtration 
through charcoal it contained 0-2%, after rectifi- 
cation 0-06%. whilst after being subjected to 
both processes the product contained none 
(F. Fampe (Chem.-Ztg. 1SS7, 11, 313). Kuma- 
moto (JlTChem. Soc. Japan, 1932. 50. 30) found 
the comnosition of sweet-potato feel oil to be 
S0-S% alcohols, 0-9% adds, 2-4% esters, with a 
t^ace of organic bases and furfural Tbe 
alcohols consist of 77-4% f-amyl alcohol 12-9% 
i.io-stnvl alcohol. In Scotch whisky containing 
54-5%" of alcohol Dupre (Analyst, 1576. 1, 6) 
found 0-19 parts of feel oil in IOO parts by 
wsicht of alcohol whilst Hamberg (Schmidts 
Jahrh- der lledicin. 1SS4, 201, 27) found about 
0-001% in beer. According to Bird (Int. Sugar 
J. 1927, 29, S4) De— erara rum contained only a 
trace of f ksel od- Bird advanced this as an 
indication of the purity of the product. 

Bd e ci icr. of Find Oil . — When a sample of 
snirft is non red on filter paper or on the hand 
rid allowed to evaporate spontaneously, th» 
characteristic odour of feel oil may be reccg- 
r-W towards the close of the evaporation. 
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So small a proportion as part of amyl 

alcohol m gin may thus be detected On chs 
solving 1 g of caustic potash in 150 ml of the 
spirit, concentrating slowly to 15 mL and adding 
an equal volume of dilute sulphuric acid, a 
powerful odour is given off which is frequently 
sufficiently distinctive to show the nature of the 
mash from which the spirit was obtained Bettelli 
(Ber 1875, 8, 72) -adds to the alcohol 6-7 vol 
of water, and agitates with sufficient chloroform 
to produce a small layer after standing This 
layer is drawn off and evaporated, and the 
residue tested by digestion with potassium 
acetate and sulphuric acid In the presence of 
fusel oil the characteristic pear like odour of 
amyl acetate is observable Another method 
of detection is to dilute 40 ml of the spirit with 
sufficient water to raise the density to about 
0 980 The mixture is agitated with 15 ml of 
chloroform, which after settlement is drawn 
off, shaken with an equal volume of water and 
evaporated The residue is treated with a little 
water, & drop of sulphuric acid and sufficient of 
a strong solution of potassium permanganate to 
ensure that the liquid shall remain red after 
standing for 24 hours in a closed tube The 
odour of valeric aldehyde is frequently noticeable 
shortly after the addition of the permanganate, 
but the characteristic smell of valeric acid 
on which this very delicate test is based, is : 
not appreciable until after standing 
Estimation — The accurate estimation of fusel 
oil m spirit is extremely difficult A very rapid 
and simple process introduced by Traube is 
said to give satisfactory results where great 
accuracy is not required The specific gravity 
of the spirit having been determined, sufficient 
water is added to reduce the proportion of 
alcohol to 20% The liquor is sucked up and 
allowed to faff a few times in a carefully dried, 
thin sided capillary tube 20 cm long and about 
0 8 mm in diameter, fastened to a graduated 
Beale, this terminates at the xero in two points 
which are set to the surface of the liquid by the 
adjusting screws on the Btand which holds the 
apparatus in the vessel into which the capillary 
tube dips The height to which the liquid rises 
decreases with a nse in the proportion of fusel 
oil From the observed height of the liquid in 
the capillary tube (temperature 21°), the per 
centage of fusel oil may be ascertained from the 
following table 


Height la 

In mm 

Percentage 
of fusel 
oil 

Height tn 

In mm 

Percentage 
of fusel 
oil 

53 6 

00 

48 85 

06 

62 7 

01 

48 20 

0 7 

61 85 

02 

47 45 

08 

51 0 

03 

46 75 

09 

60 3 

04 

4G 15 

1 0 

49 6 

05 




This process is said to be largely affected by 
accidental conditions, such as temperature or 
moisture m the tube and by the presence of 
nitrobenzene and various flavouring oils 
Further information on thi3 process is given 
by Traube (Bied Zentr 1900 15 559, Ber 
1886, 19, 892 , Cbem News, 1886, 63, 302 , Rep . 


Anal Chexn 1886, 6, 659), Stutter and Reit 
mair (ibid 1886, 6, 606), and Girard and Comassa 
( ‘L’ Analyse de3 Alcoois,” Masson Pans, 1899,) 
An improved apparatus, which he calk a 
* stalagmometer ” was introduced by Traube 
(Ber 1887, 20, 2644) for this estimation The 
liquid, diluted as above to 20%, is filled to a 
mark in a vessel and is allowed to fall drop 
by drop through a capillary tube at the base of 
the vessel, the number of drops being noted as 
compared with the number of drops of pure 
alcohol of the same strength falling from the 
same apparatus A smaller proportion of fusel 
oil than 0 05% may thus be determined The 
following table by Girard and Cumaase (op til ) 
serves to indicate the percentage of fusel oil 
corresponding with the number of drops 
observed 


Number of i 
drops | 

Percentage 
of fu9el 
oil 

Number of 
drops 

Percentage 
of fusel 
oil 

100 

00 

108 5 

06 

101 8 

0 1 

109 9 

07 

103 6 

02 

1115 

08 

105 0 

03 

1131 

09 

106 3 

04 

114 7 

10 

107 5 j 

05 j 




If the temperature of the spirit is higher or 
lower than that for which the instrument has 
been calibrated, the number of drops observed 
is increased or diminished by 0 1 drop for every 
30 drops for each degree of difference 

Another process depends upon the alteration 
produced by the presence of fusel oils in the 
volume of the chloroform extract of 100 ml of 
alcohol and is officially recognised in Germany 
and Switzerland A modification of the ap 
paratus consists of a pear shaped bulb holding 
about 200 ml , stoppered at the upper end, and 
having at the lower end a graduated stem of 
about 4 mm internal diameter leading to 
another bulb of about 20 ml capacity and ter 
minu ting in a tube provided with a stop cock 
The narrow stem is graduated in 0 02 ml from 
20 0 to 22 6 ml Fusel free alcohol is first 
prepared by fractional distillation over caustic 
alkali to resuufy aldehydes saponify esters, and 
saturate acids, and is diluted with water to a 
sp gr of 0 965 at 16 6° A quantity of chloro 
form is dehydrated and redistilled, and a solu 
tion of sulphuric acid of ep gr 1 2857 at 15 6 is 
prepared Of the sample under examination 
200 ml is taken, made alkahne, and about 175 
ml distilled over Twenty five ml of water is 
added to the distilling flask and the distillation 
continued to 200 ml The distillate is dilated 
with water to a flp gr of 0 965 at 15 6°, and this 
with the Rose apparatus and the flasks contain 
ing the reagents (fusel free alcohol, chloroform 
and sniphunc acid) are placed in a water bath 
kept exactly at 15° until all have acquired a 
uniform temperature The apparatus is then 
filled by suction through the lower tube to the 
20 ml mark with chloroform and 100 ml ot 
fusel free alcohol and 1 ml of sulphuno acid 
added through a pipette The apparatus is in 
verted and shaken vigorously for 2 or 3 minutes. 
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the stop- cock being momentarily opened once or 
tmfce to equalise pressure. lie apparatus is 
then allomed to stand for 10 or 15 minutes in the 
crater hath at 15% mith occasional f m ' iro ? to 
hasten the separation of the reagents, and the 
volume of the chloroform is noted. The se- 
parates is then thoroughly cleaned and dried 
and the operation repeated, using the distillate 
from the sample instead of the fusel-free alcohoL 
An increase in the volume of the chloroform is 
observed doe to the fusel o3 present, and tin 
dinerence, mcliiplied by the factor 0-663, gives 
the volume of fusel ofi in ICO rhL, or the percent- 
age of fusel oil by volume in the 30% distillate. 
This is then calculated to the percentage of fusel 
oil by volume in the o riginal sample according to 
the alcoholic strength of the latter. KTp and 
La.ir.pe (Z. sngem. Chen. 1928, 41, 1163} rrsfng 
the Bose “ shaking burette ” applied the 
formula Z 0-542SV/c=c. fusel oil in 100 c.c. 
original liquid in vrhich Z=vohme increase of 
chloroform, Y=totaI volume of solution, and 
c=aliquat part of original solution. The value 
05428 represents the grams of amyi alcohol 
corresponding to the increase of 1 mL in volume 
of the chloroform. A. Frey (Z. Spirrtusind. 
1934, 57, ISO} states that accurate results can 
be obtained bv fH- method only if the chloro- 
form used is of the highest purity, any im- 
purities present tending to give a lorn result. 

In France the o facial method is that of SavaHe 
as modified by Girard and Cumzsse {op. cit.) 
and is based upon the depth of colour obtained 
by the action of strong snlphnrie add upon the 
higher alcohols. The method gives only com- 
parative results and requires the observance of 
conditions so strict as to be almost- unattainable 
in normal practice. Another method, devised 
by Beckmann (Z. Xabr.-Genussm. 1901, 4, 
1059) depends upon the separation of the 
higher alcohols from the spirit by means of 
calcium chloride and carbon tetrachloride, the 
conversion of the higher alcohols into their 
nitrites by the action of sodium nitrite and 
sodium fcisulphate, removing the excess of 
nitrous add mith sodium bicarbonate, decom- 
posing the nitrites mith sulphuric add and final 
titration of the nitrous add, thus obtained, mith 
permanganate. Schidrowlta (Analyst, 1905 and 
1906} considers this method unreliable, homever, 
n '- T -ir chiefly to the extraction of ethyl alcohol 
by the carbon tetrachloride. 

Bu&agjan and Ivanovs (Z. Unters. Lebensm. 
1932, 63, 200} have suggested a modification of 
Knmsromski's method, in mhich the distillate 
adjusted to 50% by volume of ethyl alcohol is 
treated mith dilute sulphuric add, potash, and 
stiver nitrate and redistilled, the acetaldehyde 
content being determined by Holder's method. 
Another portion of the second distillate is 
treated mith salicylaldehyde and dilute sul- 
phuric acid, the colour being matched against 
standards containing amyl alcohol and the 
MeCHO found. 

Possibly the best method hitherto suggested 
is that of Marquardt (Ber. 1882, 15, 1661) as 
modified first by Allen (Analyst ,1891, 16, 102) 
and later by Schidrpmitz (LS.C.L 1902, 21, 814). 
It is based upon the oxidation of the higher 
alcohols into the corresponding acids, and the 


estimation of the latter By titration or by con- 
verting them into and meighing their barium 
salts. The extraction is carried out as in the 
Beckmann process. To the mashed carbon tetra- 
chloride solution 5 g. of pure pomdered potassium 
dichromate, 2 mL of concentrated sulphuric acid 
and 10 mL of mater are added. The mix ture is 
shaken and gently boiled for S hours under a 
refiux condenser. It is cooled, a little pumice 
and 50 mL of recently boiled distill ed mater 
added, and it is then distilled to near dryness. 
The residue is cooled, 50 mL of mater added and 
again distilled. The dis tilla tes are mixed and 
fixated mhh A/ 10 baryta solution, first mith 
Methyl Orange as indicator, and then mith 
phenolphthalefn. The acid indicated by the 
Methyl Orange is regarded as “ mineral acid ” 
and the difference as organic acid, mhich is cal- 
culated into amyi alcohol by multrplyins the 
number of ml. of baryta solution by 0-00S8 
and the figure indicating the dilution of the 
alcohoL To obtain the combining meight, the 
solution containing the barium salt of the acid 
is separated from the carbon tetrachloride, 
evaporated, filtered and finally dried in a 
platinum capsule and meighed- The meighed 
residue is then treated mith a slight excess of 
sulphuric acid, again evaporated, and the 
barrum sulphate ignited and meighed. From 
the meighfe found the combining meight of the 
acid is calculated. By this method also some 
ethyl alcohol is extracted by the carbon tetra- 
chloride, bnt it is suggested that this does not 
l appear as acetic acid after oxidation. Accord- 
ing to Schidromitz the effect attributed to 
“ mineral add ” (of the presence of mhich there 
is no proof) may be due to some action betmeen 
the Methyl Orange and certain aliphatic acids 
present. Penniman and others (Ind. Eng. 
Chem.[ArtaL], 1937,9, 91)have advanced various 
criticisms of this method and certain modifi- 
cations mhich they claim afford a very speedy 
and accurate determination. 

Composition. — -Whilst the proportion of fusel 
on produced depends upon the source of produc- 
tion, the nature of the ferments and the method 
of distilla tion, the composition of the oil is 
also affected by these conditions. As a generali- 
sation it may' be stated that fusel oil consists 
mainly of tmo alcohols one of mhich, isobutyl 
csrbinol or iVoamyl alcohol or inactive amyl 
alcohoL is optically inactive mLilst the other, 
sec-butvi carbinol or active amyl alcohol, rotates 
the plane of polarised light to the left suScienily 
to render the product strongly Ir? to rotatory . 
The folloming alcohols are said to have been 
separated from fusel o3 : 

Ethvi, CHj-CHj-OH. 
r.-Propyl, C a H s -CHj-OH. 
isoPropyL (CH 3 ).-CH-OH . 
r-Butyb C 3 H t -CHj-OH- 
isoButvL (CH,),CH-CHj-OH. 

Uri - BifrvL (CH,),C-OH. 

Active amvb C.H 5 (CH 3 )CH-CH 3 -OH. 
Inactive amyL'(CH.).C,H-CH.-CH.-OH. 
MeihvI r. -prop vl carbinol, CH 3 (C 3 H-)CH-0 H . 
LTormal primary amyl alcohol, CjH^-OH. 

A urimaxy hexyl alcohoL C,H u -OH. 

A p rimar y heptyl alcohoL C T H ls -OH. 
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Of the acids present formic, acetic, pro 
pionic, butync, yalenc, caproic, oenanthic, 
caprylic, pelargomc and capric have been 
identified whilst the presence of ethyl acetate 
and other esters and various aldehydes has 
also been established 

The fusel oil from gram or potatoes consists I 
largely of amyl alcohols with ethyl alcohol the | 
inactive amyl alcohol being the principal con 
stituent According to Rabuteau (Compt 
rend 1879, 87, 600) the following represents the 
approximate percentage volume composition of 


potato oil 

woPropyl alcohol 15 0 

n Propyl alcohol 3 0 

n Butyl alcohol 6 5 

isoButyl alcohol 5 0 

Inactive amyl alcohol 27 5 

Active amyl alcohol 6 0 

Products boding above 132® and 
retaining amyl alcohol 17 0 

Ethyl alcohol, ethyl acetate and 
aldehyde 7 5 

Water 12 5 


Later observations, however, do not confirm , 
Rabuteau’a statement as to the presence of tso 
propyl alcohol Ordonneau (Compt rend 
1886, 102, 217) found in commercial alcohols 
from maize, beet and potatoes, in addition to 
other substances, propyl alcohol, active and 
inactive amyl alcohol, pyridine, a base which 
he considered to be collidine, and isobutyl 
alcohol He did not find a trace of n butyl 
alcohol Karl Wmdisch (“ Arbeiten aus dem 
kaiserlichen Gesundheitsamt,’ 1892, Bd 8) 
gives the following respective compositions of 
potato and corn fusel oil, expressed in grams per 
kilogram and excluding ethyl alcohol and water 



Potato 

Corn 

n Propyl alcohol 

08 64 

36 90 

woButyl alcohol 

243 50 

167 60 

Amyl alcohol 

G87 CO 

758 50 

Hexyl alcohol . 

— 

1 33 

Heptyl alcohol 

— 

t.pire 

Free fatty acids 

Oil 

1 60 

Fatty acid esters 

0 20 

3 05 

Furfural and bases 

0 05 

0 21 

Terpenes 

— 

0 33 

Terpene hydrate 


0 48 


He also anal} sed the free fatty acids and acid 
esters with the results given in the table at the 
top of the next column expressed in percentage®, 
the acids and esters being taken together in the 
potato fusel oil and separately in the fusel oil 
from com 

Yoshitomi et al (J Pharm Soc Japan, 
1022, 486, 661) found that the fusel oil obtained 
from Japanese sweet potato brandy had 
0-8382, acid number 2 828, saponification 
number 36 7 and an ester value of 33 8 The} 
found that 1 lb of fusel oil contained 31 8 g of 
fatt} acids (of which nearly 25 g was palmitic) 
which, when crystallised from alcohol, were free 
from the characteristic fusel oil odour and 
could be used in the manufacture of soap 



Potato 

Com 

Free fatty 
acids and 


Capric 

36 

44 I 40 7 

Pelargomc 

12 

12 9 14 2 

Caprylic 

32 

26 7 34 8 

Caproic 

14 

13 2 9 6 

Butyric 

05 

04 04 

Acetic 

35 

27 03 


According to Stevenson (Texas State J Med 
1925, 20, 662) the fusel od from com whiskey 
contained, per 1,000 parts, 750 parts of wo 
propyl alcohol, 180 n propyl alcohol, 40 wo 
butyl alcohol and 20 amyl alcohol Schongin 
and co workers (Ber 1933, 66 [B], 1087) have 
examined the high boiling fractions of fusel oil 
obtained chiefly from potato spirit They 
found 36% of alcohols, 13% saturated aliphatic 
acids, and 4 5% organic bases They isolated 
m pure form the ethyl esters of caproic, caprylic, 
capric, launo, mynstio and palmitic acids, 
hexyl, heptyl, octyl and nonyl alcohols, and 
tnmethyl , tetramethyl , diethyl and triethyl 
methylpyrazine 

The fusel oil prepared in the South of France 
from the marc of brandy contains n propyl 
alcohol in considerable quantities Ordonneau 
(l c ) recommends that the fermentation of a 
mash should be performed with the elhptio 
mne yeast instead of the globular beer yeast, as 
he finds by experiment that the former produces 
the n butyl alcohol, while the latter tends to 
form the wo variety He attributes the dis 
agreeable smell of the oil from the ordinary 
mash to the wobutyl alcohol present, the more 
agreeably smelling wine brandy containing 
n butyl and no wobutyl alcohol Other workers 
also suggest that the ferment in brewer’s yeast 
(Saccharomyces cerevisice) appears to favour the 
production of wobutyl alcohol whilst Sac 
tharomptts elhpswdens from the- grape, tewia to 
produce n butyl alcohol By fractionation of 
wine brandy 25 years old Ordonneau (l c ) 


obtained the following 

Per cent 
by \olume 

Aldehyde 0 003 

Ethyl acetate 0 035 

Acetal traces 

(Enanthyhc ester 0 004 

Propionic, butyric and caproic 
esters 0 003 

n Propyl alcohol 0 040 

n Butyl alcohol 0 218 

“ Amyl alcohol ” 0 0838 

Hexyl alcohol 0 0006 

Heptyl alcohol 0 0015 

Amino bases (probably of the 
pyridine senes) traces 


According to Le Bel (Compt rend 1883, 96 
1368) natural white wine contains 0 2% of 
alcohol Swenarton (Science, 1929, 70 554) 
found that crude fusel oil from molasses fermen 
tation contains, m addition to n propyl and wo 
butyl alcohol, seebutyl carbmol, and wobutyl 
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carbinoL alcohols of the hexyl, heptyi, octyl 
nonyl and decyl series and ocher bodies. 

Berzaecl of Fusel Oil from Spirited — Apart 
from the desirability of removing the fusel oil 
from spirits intended, for human constnnxrrioi!, 
the oil recovered as a by-product is valuable for 
certain commercial purposes. As already stated, 
the fusel oil can be rapidly and almost com- 
pletely removed during the process of rectifi- 
cation of the alcohol in the modem patent stHL 
When, bo— ever, the alcohol as commercially 
produced- e.c. pot-still spirit, contains an 
appreciable proportion of fusel oil other methods 
must be adopted for its removal. These usually 
involve the addition to the alcohol of some sub- 
stance which vdll absorb the fusel oil and can 
then be separated from the defoselised alcohol 
In some cases the fusel oil is lost whilst in others 
it can be recovered and is av aila ble for com- 
mercial use. Among the various substances 
proposed are ch arcoal, soap, oil. potash, pearl 
ash. lim e, sulphuric, nitric and hydrochloric 
adds, bleaching powder and potassium per- 
manganate. Charcoal, soap and oil are sup- 
posed to separate the fusel oil unchanged. When 
rectified over potassinm permanganate or 
bleaching powder the amyl alcohols are con- 
verted into valerates, but a portion of the ethyl 
alcohol is also decomposed. When bleac hi ng 
powder is used the mass is allowed to digest for 
some time, after which the spirit is drawn off 
and rectified- It has been suggested that, if the 
spirit be distilled from hard soda soap, the fusel 
oil remains with the soap from which it may be 
separated by snbsequent distillation at a higher 
temperature. 

Tr- o most approved method of separation is 
by weE-bnmt granulated vegetable charcoal or 
bone-black. The charcoal is placed upon per- 
forated trays in a vessel surrounded by a cooling 
jacket and the spirit- suitably diluted, is caused 
to pass through several such trays. The opera- 
tion should not be performed above the ordinary 
temperature, as the fusel oil is again dissolved 
from the charcoal near the boiling tempera- 
ture. From 3 to 5 vqL of charcoal are required 
for the successful treatment of 100 voL of 
brandy. The fusel oR is evolved from the 
charcoal on treatment with, superheated steam 
and the charcoal may be repeatedly used 
after tea tint to redness to drive off any oc- 
cluded substances. 

Tn the preparation of alcohol as motor fuel 
the elimina tion of fusel oil is desirable, and this 
is usnally accomplished by treatment with active 
carbon as above. A. E. Willi.-. ms (Chem. Trade 
J. 1934. 95, 111) points out that oxidation due 
to the air contained in the interstices of the 
carbon may be avoided by agitating the carbon 
under vacuum at a temperature of 30' or less 
and the ethyl alcohol is removed by passing an 
inert gas throngh the carbon. Vi tIItsuis states 
that a good vegetable carbon wiE adsorb eight 
times its weight of fusel oil 

S'jr.tf.eZic Fusel Oil . — -Various methods have 
been advanced for the commercial preparation 
of substitutes for fusel oil In that described 
bv Essex, Hibhert and Brooks (-J. Amec. Chem. 
Soc- 1916. 33, 1363) a gasoline boiling at 25-4o = 
and consisting chiefly of saturated hydrocarbons 


is chlorinated by introducing chlorine at one 
end of a mass of the hydrocarbon whilst iEtmii- 
nating the other end with a source of actinic 
light and causing the gas to approach the lisht. 
By this means mono chi oro-d eriva ti ves are 
obtained and , as soon as these have acc umula ted 
to the extent of 20%. the mixture is fractionated 
and the unchanged hydrocarbons are recovered 
for retreatment. The fraction, b.p. 95-140", 
consisting mainly of pentyl and hexyl chlorides, 
is heated with an equal weight of anhydrous 
sodium acetate (with or without acetic and 
amyl acetate) for 5 hours at 200“ under 
pressure in an autoclave rotated 30 times per 
minute. In this way 5S0 lb. of the crude 
chlorides gave 3S4 Ih. of crude amyl acetate 
from which fusel oil may be obtained by 
hydrolysis. In another method suggested by 
two of these investigators — Brooks '"and Essex 
(UE.P. 1221667, 1917) — the chlorides are heated 
with methyl alcohol and a formate under pres- 
sure at 140—190". 

Commercial Uses. — Fusel oil is largely used 
' for the manufacture of amyl acetate which has 
: numerous applications in the arts and msnu- 
! factares, in Savouring essences (pear oil, etc.) 
i for confectionery, as a solvent for celluloid and 
in making lacquers, varnishes, ar tificial leather, 

[ waterproofing and sanitary sheeting for hospitals. 

[ It is also used in toxicology as a solvent- for 
| alkaloids, for which purpose it should be care- 
; folly purified by agitation with dilnte acid to 
remove an alkaloids! body which it is liable to 
; contain. On account of its strong affinity for 
chlorine, fusel oil has been employed in chlorine 
generators for laboratory purposes as an absor- 
bent for that gas, to prevent its escape into the 
atmosphere when the supply is no longer 
required, whilst its principal constituent (amyl 
alcohol) is employed in the estimation of fat in 
milk by the centrifugal method (B.S. Vo. 696, 
Pt. 2, 1936). The i.joamyl alcohol (inactive 
amyl alcohol) may he separated from fusel oil 
by agitation with a saturated solution of 
common salt. The amyl butyl and propyl 
alcohols, which are less soluble in that medium 
than in water, separate as an oily layer, while 
the ethyl alcohol rem ains in the brine. The 
separated oil is distilled, the portion co min g 
off between 105" and 120 c consisting principally 
of frobutyl alcohol while that distilling between 
12ST and 14Q C contains the amyl alcohols. This 
is collected separately, agitated with hot- milk 
of lime, dried over calcium chloride and re- 
distilled. the portion coming oil between 12S~ 
and 132' being collected separately. In this 
-wav the isosmyi alcohol is obtained almost 
free from htrtyraicohol and from valeric alde- 
hvde. The b arium amyl sulphate produced 
from active amyl alcohol is 24 times as soluble 
in water as that- from the inactive variety, so 
that these salts may be separated by fractional 
crvstaHisation and afterwards treated for re- 
generation of the alcohols. 

Tr. e amyl alcohols of fusel oil dissolve in 
about 40 parts of cold water. According to 
Balbiano (Ber. 1S76, 9, 1437) the_ inactive 
vsrfetv is soluble in about 50 parts of water at 
14f and is less soluble at 50". froBntyl alcohol 
dissolves in 10 parts of water at 15 c . One part 
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of inactive amyl alcohol takes up about 0 08 
parts of water, while isobutyl alcohol dissolves 
nearly twice that amount By a contact 
dehydration process Konek (Matematik Fer 
mfezettndominyi Ertisito, 1925, 41, 9) has 
produced a mixture of isomeric amylenes from 
fusel OiL A mixture of these hydrocarbons with 
double the volume of benzene and of ethyl 
alcohol gave a satisfactory motor fueL Kino 
(J Soc Chem Ind Japan, 1928, 31, 749) 
fonnd that when the fusel oil obtained from 
kaoliang was treated with KOH, potassium 
palmitate crystallised out in a nearly pure 
state In order to obtain suitable solvents for 
the preparation of lacquers Hsien Wu Tmg 
(Chiao Tung Umv Research Inst Ann Rpt 
Bur Chem 1936, 3, 75) estenfies the fusel oil 
and fractionates the esters, the various fractions 
being evaluated according to their solvent power 
on nitrocellulose 

Estimation of Ethyl Alcohol tn Fusel Oil — 
Fusel oil containing not more than 15% of 
proof spirit is allowed to be delivered from 
distilleries in the Umted Kingdom and also 
to be admitted duty free on importation from 
abroad. The determmatiofl of the ethyl alcohol 
is therefore of considerable importance, but 
although various methods have been suggested 
none can be accepted as free from objection 
The method commonly adopted in this country 
as sufficiently accurate for all practical pur 
poses is as follows 75 ml. of the sample 
is shaken vigorously for 4 or 5 minutes in a 
separator (A) with 150 ml of water and allowed 
to stand If an emulsion forms a few grams 
of salt are added The aqueous layer is drawn 
off into a second separator (B), saturated with 
salt, and extracted with 150 ml of petroleum 
ether The brine layer is then drawn off into 
a third separator (C) and extracted with a 
further 150 ml of petroleum ether and the 
bnne run off into a distilling flask The oO 
remaining in (A) is treated a second time with 
150 ml. of water, the aqueous layer drawn off 
into the petroleum ether in (B), saturated with 
salt and extracted The bnne layer is drawn 
off into (C) and there extracted with the 
petroleum ether, from which, after separation, 
it is run into the distilling flask The treatment 
of the oil remaining in (A) is repeated through 


out The 450 mL of bnne is distilled and the 
first 75 ml of the distillate collected. This 
portion is saturated with salt and extracted 
with 150 ml of petroleum ether The bnne 
is run off, distilled, 76 ml collected and the 
specific gravity and Zeiss immersion refrac- 
tometer reading of this fraction determined. 
The refractometer reading will be somewhat 
higher than that of ethyl alcohol of the same 
density The difference is multiplied by the 
appropriate factor {11 is taken in ordinary 
cases) and the product is deducted from the 
percentage of proof spirit as deduced from the 
specific gravity of the distillate Jlacoun 
{Analyst, 1933, 58, 664) prefers a method m 
which to 20 ml of the oil in a 50 ml Eggertz 
tube {graduated to 0 1 ml ) 5 g of K,CO, 
is added. This is well mixed More car 
bonate is added if the original all dissolves or 
water is added if there is no line of demar 
cation between the two liquid phases The 
volume of the upper layer is noted Another 
20 ml of the sample is placed in a " tar acid 
flask ” of 225 ml capacity which is graduated 
from 0 to 25 ml in not more than 0 2 ml 
intervals A saturated solution of fusel oil m 
saturated NaCJ eolation is added until the 
flask is about j full From 4 to 6 ml of con 
centrated hydrochloric acid and exactly 5 ml 
of petroleum ether are added The whole is 
well shaken and sufficient salt solution added to 
make the total volume 225 ml After farther 
shaking and standing until the layers have 
separated out, the volume of the upper layer u 
noted Let A represent the contraction from 
20 ml observed in the Eggertz tube and B 
the contraction from 25 mL observed in 
the flask The percentage of ethyl alcohol is 
(B-A) x 0 93 x 6 

Water Content of Fusel Oil — Bakowski anil 
Treszczanowicz (Przemysl Chem 1937, 21. 
204) suggested an azeotropic method for the 
determination of water m fusel oil In a special 
apparatus designed to give an easy and accurate 
reading of the volume of water collected they 
use methylene chloride which forms with water 
an azeotropic mixture boiling at 38 45° 

F- G H T 
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GABBRO A holocrystallme igneous rock; 
composed essentially of basic plagioclase felspar 
and augite, and containing less than about 
60% of silica It is the plutonic equivalent 1 
of the finer grained dolente and basalt, having 
crystallised slowly under considerable pressure 
from large bodies of molten material within the 
earth's crust The felspar is the soda lime 
I&bradonte or the lime-felspar anorthite, the 
augite is usually the laminated diallage variety , 
apatite, iron -ores (magnetite and llmemte) are 
usually present in small amount When the 
orthorhombic pyroxene hyperathene is present in 
addition to plagioclase and augite the rock is 
called a nonte The more acid quartz gabbro 
forms a passage to dionte, whilst the more 


basic obvine-gabbro grades into the pendotites 
The rock is dark grey, black, or greenish black 
in colour, medium to coarse grained in texture, 
and very hard Sp gr 2 7-3 0 {weight per 
co. ft 170-190 lb), crushing strength 640- 
2,200, average 1,830, tons per sq ft 
Analysis I of ohvme-gabbro from Skye, 
also Cr,O t trace (W Pollard, 1900) II, 
olivine gabbro from Lizard, Cornwall , also 
Cr,0, 0-08, V,O f 0-02, Ll,0 trace, FeS, 0 11 
(E G Radley, 1912) III, Quartz gabbro from 
Carrock Fell Cumberland (G Barrow, 1894) 
IV, Kentallemte from Kentallen, Argyllshire, 
also Cr-O, 0-10. (Co.Ni)O 0-07, CO, 016, 
Cl trace (IV Pollard, 1900) 

Gabbro forms Urge masses and is of wide 
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SiO. 

no; 

Al.O, 

feCo; 

Fed ~ 

MnO 

Mgo 

CzO 

Na.O 

K-O. 

p:o s 

H.O 


T. 

Ai. 

m. 

IV. 

46-39 

50-69 

53-59 

52-09 

0-25 

0-42 

0-45 

0-73 

26-34 

20-55 

22-2fi 

11-93 

2-92 

1-5-5 

3-60 

1-84 

3-15 

3-10 

2-frA 

7-il 

0-14 

0-16 

0-35 

0-15 

4-S2 

6-S4 

2-09 

12-4S 

15-29 

11-99 

9-45 

7-S4 

1-63 

3-33 

4-23 

0-24 

0-20 


0-61 

3-91 

0-53 

0-0-5 

— 

0-34 

trace 

1-12 

1-50 

0-35 

100-82 

103-84 

100-56 

23-11 

2-S5 

— 

2-80 



distribution. Gccurrinr, for exam ple, in the 
Highland? of Scotland. Lerdsiioot in Avrskire. 
Canuck Feu in Cumbe rland, North and South 
Wales, the Lfrard district in Cornwall, and in 
Guernsey. Owing to fe dull colour and di£ 
culty ct working. it i? not Terr- extensively 
en ployed as a building stone ; and it is reputed 
rot to 'leather veil, esuecially those varieties 
containing note felspar. In the trade it often 
passes under the name of si blech granite ” 
(on the other b-nd. the trade name 11 Norwegian 
gabhro ” is sometimes applied to the angite- 
sjenite — IcxmhiU — Son the south of Norway). 
Medium-grained varieties are used for road 
metal and paving-sets. Olfrire-gabbro is ex- 
tensively quarried for export at Herrestad near 
Sards in province Jonkcping, Sweden, and cm 
the Pleasant river near Addison in Hairs, TT-S.A. 
The “ black granite ” of the KentaJEen quarries 
in AnrvIIshire is a ds-4- bluish-grey, medium- 
grained alkaE-gahhto containing orthocla.se, 
oHvine and biotite in addition to the usual 
con stitu ents, and has been named Lsr.iclier.iiz. 
It is used princrpslly for paving-sets, and on a 
polished surface it displays bright plates of mica. 

Gahhro takes a good polish and is sometimes 
used for ornamental purposes. The diaQage 
often cisnlavs a metallic sheer, and in the 
gabhro of VcThynia and near Kiev in Eussfa 
trie labtadotite sometimes shows blue ref actions. 
Coarse-grained gabbros when partly altered 


light- and dark-coloured minerals in 
marked contrast, and have been need as fa- 
back as Bataan times as ornamental stones. 
In some cases the fels par is altered to ssussurrte 
and the diaHsg e to emerald-green smaragdite, 
the rock term then known as euphcfida; this 
beautiful ornament al stone occurs in the Alps, 
Corsica (“ Verde di Corsica ~), and Elba. A 
dark-coloured orbicular gabhro mom Dehesa, 
San Diego Co., CaKfomia, has also been used as 
an ornamental stone. 

Magmatic segregations of iron-ores, metallic 
sulphides (nicksliferous g yrrfco tzne and chalco- 
pyrrte) and apatife sometfrnes occur in con- 
nection with gabhro masses. 

L. I. S. 

GADOLINITE. A rare mineral capsistrnz 
of siEcate of yttrium earths, beryllia and ferrous 
oxide, Be.FeY.Si.Oji-- Analyses show about- 
40-45% of yttrium earths of molecula r weight 
259-290; the amount of erbia has been sepa- 
rately determined as 10-15%. It occurs in 


much larger masses than the other rare-earth 
minerals, forming rough, black and opaone 
crystals up to 509 kilos, in weight. The c rv s fah 
are monoclmic with an orthorhombic aspect ; but 
in thin sections the material is optically isotropic. 
When heated, the mineral suddenly glows 
cnghtly, a molecular transformation t aking 
P-tce ; the material then becomes optically bire- 
frfng ent, increases in sp.gr. (from 4-1-4-4 to 
4-4— 4-7), and c hang es in colour (as seen in 
sections) from greenish to reddish. Gadolinite 
occurs in some abundance as masses of con- 
siderable size in pegmatite veins at a few locali- 
ties; notably, at Ytterby and near Fahlun in 
Sweden ; in the felspar quarries of Setersdal and 
Hrttero, and elsewhere in the south-east of 
Norway; Llano Co. in Texas, Mohave Co. in 
-A ri zona, Western Australia and Japan. The 
locality (Barringer Hill, 5 miles south of Blufi- 
ton) in Llano Co. ha s yielded masses of gadolinite 
weighing 2Q9 lb-, in association with several 
other rare-earth minerals. These have been 
worked for the supply of yttri um and erbium 
earths used in the “glower ” of the Nemst lamp 
(W. E. Hidden, Amur. J. Sci. 1SS9, 38, 474; 
1905, 19, 425). 

L. J. S. 

GADOLEIC ACID (r. Vol. ML 247 b). 

froGADOLEIC ACID (r. VoL II, 52 2d). 

GADOLINITE (r. VoL IT, 5125; IV, 245c, 
321c). 

GADOLINIUM, Gd. Atomic number 64 ; 
atomic weight lod-SofrO-OOl (Naeser and 
Hopkins, J. Amer. Chem. Sac. 1935, 57, 2183) ; 
I55-9m0-2 (Aston, Proc. Boy. Sac. 1934, A, 146, 
54) ; isotopes 155, 156, 157, 15S, 160 (Aston, l.c.). 

This element was first identified by Marignac 
in 1SS0, who separated its salts from those of 
other rare-earth metals present in samaiskite by 
fractional precipitation with potassium sul- 
phate (Arch, as Geneve, 1SS0 , [Hi], 3, 413; 
Comnt. rend. 1SS0, 90, 899). With europium 
and terbium, gadolinium fo rms the small group 
of terbium metals, and as the solubilities of its 
salts are intermediate between those of the 
other two members of the family, the final 
separation of gadolinium from these elements is 
a matter of considerable difficulty. The older 
methods of separation, precipitation by am- 
monia, crystallisation of the oxalates, formates 
and double sulphates, or combinations of these 
processes, did not, in all probability, lead to the 
co moist e Burin cation of the element (Meyer aud 
Muller, Z. anorg. Chem. 1919, 109, 1). The 


presence of small quantities of terbium is indi- 
cated bv a fain t yellow discoloration of the 
colourless gadolinia. Europium is detected 
snectroscopi cally in the arc spectrum. 

~Sorac 35 Atii> Ensicnox. — Samarskite, 
gadolinite, ytterbrte, xeuotrme, fergnsonite, the 
crude vf f.-f rrm earths from mouazite, etc. 

Some of these may be decomposed by H Cl 
or H.S0 4 while others must be fused with 
sodium, pyrosulphate. Hydrofiuoiic acid is 
often a useful reagent for attacking some of the 
xmnerals as the insoluble rare-earth finorides 
mav then be easily separated from finorides of 
such metals as niobium, tantalum, tungsten and 
zirconium which are soluble in the diluted add. 
These and other metals, the chlorides of which 
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are readily volatile, may also be removed by 
heating the mineral in a stream of sulphur 
chloride or phosgene 

After separating the heavy metals, thonum 
and cerium (if present m appreciable amount), 
the rare-earth metals are usually precipitated 
as the oxalates, ignited to the oxides and these 
converted into suitable salts which are frac 
tionated so as to divide the rare earths into 
groups The precise methods to be adopted in 
any particular case will depend largely upon the 
composition of the mixed earths, but the follow 
mg are typical of those commonly employed 

(1) Fractional Precipitation of the Sodium or 
Potassium Sulphates — If an aqueous solution of 
a mixture of rare-earth chlorides or nitrates is 
treated with a saturated solution of the alkali 
sulphate the double sulphates are precipitated 
When this process is carried out fractionally the 
cerium group separates first while the yttrium 
earths collect in the mother liquor The salts 
of the terbium fraction are intermediate m eolu 
bility and divide themselves between these 
groups, it being usually arranged that gadolinium 
shall be precipitated with the cerium earths 
particularly when the amount of the latter is 
small Further separation is then effected by 
fractionation of the bromates or the rare earth 
magnesium nitrates When the concentration 
of the cerium group is considerable it is better 
to commence with the double magnesium nitrate 
separation (Mangnac, l c , Delafontaine, Ann 
Chim Phys 1878, [v] 14 238 , James, J Amer 
Chem Soc 1908, 30, 182, 1911, 33 1326, 
1912 34, 767 , Meyer and Muller Ic , cf also 
de Boisbaudran, Compt rend 1883, 97, 1463) 

(2) Fractional Crystallisation of the Nitrates — 
Although gadolinium nitrate is the least soluble 
of the rare-earth nitrates in nitric acid the 
differences in solubility are comparatively small 
so that quicker separation is achieved by em 
ploying certain double nitrates Of these the 
rare earth magnesium nitrates are the most 
commonly used m the preliminary separations, 
and fractionation of their aqueous solutions 
causes lanthanum, praseodymium and neody 
mium quickly to collect in the head fractions 
and to be separated from samarium, europium, 
gadolinium, terbium and the yttrium metals 
After their removal crystallisation is •'continued 
from mtrio acid (30%) instead of water and 
samarium is now separated from the least soluble 
fractions Bismuth magnesium nitrate is then 
added and fractionation continued until inter 
mediate fractions of pure bismuth double salt 
are obtamed As the solubility of this salt bes 
between those of europium and gadolinium 
magnesium nitrates it follows that the head 
fractions will contain the leas soluble europium 
free from gadolinium while the tail fractions 

N will consist of gadolinium, terbium, etc , to 
gether with excess of the bismuth double 
nitrate Bismuth is now removed from these 
fractions and the rare earths are converted, 
through the oxalates and oxides, into the simple 
nitrates which are crystallised so as to collect 
gadolinium and terbium in the least soluble 
fractions These are then separated from each 
other by continuing the fractionation m the 
presence of bismuth nitrate which has a solu 


bility intermediate between that of gadolinium 
and terbium nitrate Separation of these two 
may also be achieved through the double nickel 
nitrates or dimethyl phosphates or by fractional 
precipitation with ammonia (Demar$ay, Compt 
rend 1900, 130, 1469 , 131, 343 , 1901, 132 
1484 , Muthmann and Weiss, Annalen, 1904 
331,3, Feit, Z anorg Chem 1905,43 202,267, 
Ur bam, J Chim phys 1906,4 40,105, James 
and Robinson, J Amer Chem Soc 1911, 33, 
1363, 1913, 85, 754, Hughes and Hopkins 
ibid 1933,55,3236) 

(3) Fractional Crystallisation of the Dimethyl 
Phosphates — Whereas the solubilities of the rare- 
earth salts usually increase from cerium to 
ytterbium the reverse is the case with the 
dimethyl phosphates Moreover, the solubility 
differences are greater than are ordinarily met 
with so that they serve well for the separation of 
the terbium group (Morgan and James, ibid 
1914, 36, 10, Jordan and Hopkins, i6id 1917 
39,2614, Marsh, JCS 1934,1972, 1939,554) 

Numerous other salts have been recommended 
for separating the rare earths into the three 
mam groups and mention may be made of the 
bromates (Jordan and Hopkins, I c ), formates 
(Delafontame, l c , Feit, l c ) and ethyl sulphates 
(Urbain, Ann Chim Phys 1900, [vn], 19, 184) 

Separation of the rare earths has been facili 
tated to some extent by the discovery that some 
of them can be reduced to the bivalent condition 
and that in this state the sulphates resemble 
those of the alkaline earths in being sparingly 
soluble in water This is particularly useful in 
removing europium from samarium gadolinium 
and terbium since electrolytic reduction of a 
solution of the chlorides in sulphuric acid leads 
to the precipitation of europous sulphate (Marsh 
Ic Yntenia, J Amer Chem Soc 1930 52 2782) 

Preparation of the Metal — The first attempt 
to obtain gadolinium metal was made by 
Schumacher and Harris (ibid 1926, 48 3103) 
who reduced the oxide with aluminium powder 
but found it impossible to remove the aluminium 
from the resulting alloy cither by distillation or 
by treatment with potash Fairly pure gadoli 
mum has been obtamed by electrolysis of a 
fused mixture of gadolinium, potassium and 
bthium chlorides in a graphite crucible which 
formed the anode, the cathode being a button of 
molten cadmium in a fluorite cup, the elec 
trolyte was kept at a temperature of 625- 
675°C A fusible alloy was produced with the 
cadmium from which the latter was removed by 
fractional distillation in a high vacuum (Trombe 
Compt rend 1935, 200, 459. Bull Soc chim 
1935 [v] 2, 660) Gadolinium has also been 
obtained by heating the chloride with alkali 
metal (Klcmm and Bommer (Z anorg hem 
1937, 231, 138) 

Physical Properties — The relative abund 
ance of the seven (?) isotopes of gadolinium 162, 
154, 165 166, 167, 158 is about 0 2, 1 5 21, 23 
17, 23 and 16 respectively The existence of 
the first two of these isotopes is doubtful (Aston 
Nature 1933, 132 930) 

Much attention has been paid to the magnetic 
properties of the element It has ferromagnetic 
and paramagnetic Cune points at 16° and 
29 6°C respectively, and at low temperatures 
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its ferromagnetic properties are superior to those 
of iron. At O' absolute the specific magneti- 
sation is 253-5 C.G.S. units as compared - with 
221-7 for iron, while the atomic moments, 
expressed in Weiss magnetons, are 35-4 for 
gadolinium and 11 for iron. The magnetic 
moment of the Gd--- ion is 39-26 magnetons 
vrhile that of the oxide Gd 2 0 3 is 39-25; the 
moment of the sulphate Gd 2 (S0.d 3 ,8H 2 0 is 
39-2S (Urbain, Weis and Trombe, Compt'rend. 
1935, 200, 2132 ; Trombe, ibid. 201, 652 ; Ann 
Physique, 1937, jxfj, 7, 3S5; Cabrera, Compt. 
rend. 1937, 205, 400 ; J. Chim. phys. 1939, 36, 
117 ; Xeel, Z. Elektrochem. 1939, 45, 37S). 

The reduction potential is — 1-S10 and the 
potential of metal formation is -1-955 (Xoddack 
and BraM, Angevr. Chem. 1937, 50, 362). In 
0-1 A solution of the chloride the transference 
number of gado linium is 0-433 (Haas and Rode- 
bush, J. Amer. Chem. Soc. 1933, 55, 323S). 

Spedra . — Like many of the rare-earth ele- 
ments the emission spectrum of gado linium is 
rich in lines, the chief ones in the arc spectrum 
being: 3032-0, 3646-2, 3671-25, 3719-5, 3763-4, 
3795-45, 3314-0, 3352-5, 3916-6, 4037-35, 4063-5, 
4130-4, 4134-3, 4262-1, 4342-2, 6998-S. 

Some additio nal prominent lines in the sp ark 
spectrum are: 2904-7, 2955-5, 3350-5, 3422-5. 
35S5-0, 3654-6, 4251-S, 4436-2 (Albertsom 
Physical Rev. 1935, [n], 47, 370; 1936, [if}, 49, 
203 ; King, Astrophys. J. 1930, 72, 221). 

Gadolinium possesses the simplest absorption 
spectra of the rare-earth ions consisting of a 
number of extremely sharp lines mainly in the 
ultra-violet. In the case of GdCI,,6H 2 0 and 
GdBr,,6H a O the spectra indicate that the 
6 mol. "of water are spaced symmetrically around 
the Gd--- ion andlie between it and the halogen 
ion (Spedding el al., J. Amer. Chem. Soc. 1930, 
52. 3747 ; 1933, 55, 497 ; Physical Rev. 1931, 
[hi, 33, 2295 ; J. Chem. Physics, 1937, 5, 33). 

Ceehic ax. Peopesths. — H ot water has no 
appreciable action on the metal though it slowly 
tarnishes in moist air; it is attacked by hydro- 
chloric acid. 

Conflicting results have been obtained in 
determining the basicity of gadolinium in relation 
to its neighbours in the rare-earth series. Sher- 
wood and Hopkins (J. Amer. Chem. Soc. 1933, 
55, 3117) studying the precipitation by sodium 
nitrite give the order Sa>Eu>Gd, in agree- 
ment with Katz and James (ibid. 1914, 36, 779) 
(hydrolysis of sulphates) and Brinton and James 
(ibid. 1921, 43, 1451) (hydrolysis of carbonates). 
On the other hand, the last-named authors from 
experiments on the precipitation by ammonium 
hydroxide obtain the order Gd>Sa which 
agrees with the order Eu>Gd>Sa given by 
Britton (J.CE. 1925, 127, 2142). Brauner.and 
Svagr (Coll. Czech. Chem. Comm. 1932, 4, 49, 
239) state that the basicity of the rare earths 
diminishes from La to Sa but increases again 
with Gd which has a basicity approaching that 
of lanthanum. 

ConPOmvDS. 

Gadolinium Oxide (gadolinia), Gd.O s . — 
Colourless, amorphous, hygroscopic powder 
absorbing carbon dioxide from air. It is pre- 
pared by igniting the hydroxide, nitrate, car- 


bonate or oxalate ; ignition of the sulphate needs 
a high temperature to expel the last traces of 
oxides of sulphur. Gadolinia is magnetic, its 
magnetic susceptibility increasing with de- 
creasing temperature from about 130 x 10~ e at 
20- to - 279-0 x 10 -6 at -140'C. ( Williams , 
Physical Rev. 1919, [ii], 14, 34S) ; its specific 
gravity at 15 c is 7-407. 

The hydroxide, Gd(OH) 3 , is formed as a gela- 
tinous precipitate, insoluble in excess of precipi- 
tant,when solutions ofgadoliniumsaltsaretreated 
with alkali or ammonium hydroxide or sul- 
phide ; organic hydroxy acids hinder or prevent 
precipitation of Hie hydroxide. Like the oxide 
it absorbs carbon dioxide from the atmosphere. 

Gadolinium Fluoride, GdF 3 . — Addition of 
hydrofluoric acid to aqueous gadolinium sul- 
phate yields the fluoride as a white gelatinous 
precipitate becoming granular on heating ; it is 
somewhat soluble in hot hydrofluoric acid 
(Popovici, Ber. 190S, 41, 634). 

Gadolinium Chloride, GdCI 3 . — Formed by 
heating the oxide or sulphide in dry hydrogen 
chloride, by the action of chlorine and a reducing 
agent on the oxide, by heating the oxide, sul- 
phate or oxalate in the vapour of sulphur 
chloride or by heating the hydrated chloride in 
hydrogen chloride. It is best prepared by 
heating the oxide with excess of ammonium 
chloride to 200", or higher, the residual am- 
monium salt being removed in vacuo at 300- 
32Q'C. (Reed, Hopkins and Audrfeth, J. Amer. 
Chem. Soc. 1935, 57, 1159; “Inorganic Syn- 
theses,' 5 1939, ToL 1, p. 2S ; Jantsch el al., Z. 
anorg. Chem. 1932, 207, 353). 

White, hygroscopic mass of monoclinic cry- 
stals, sp.gr. 4-52 at 0 ° ; m.p. 609 3 ~2~ (Jantsch 
el al., he., 623° ; Bourion, Ann . Chim. Phys. 1910, 
[viHJ, 21, 74). It is soluble in water and con- 
centration of the aqueous solution yields the 
hexahydrate GdCI^SH.O as deliquescent 
monoclinic crystals, sp.gr. 2-424. Gadolinium 
chloride forms double salts with platfnic and 
auric chlorides. 

When a slow current of air is passed over the 
molten anhydrous chloride there is produced an 
oxychloride, GdOCI, which is almost insoluble 


in water (Bourion, he.). 

Gadolinium Bromide.— Both the anhydrous 
and hydrated salts closely resemble the corre- 
sponding chlorides and may be obtained in like 
manner. The melting-point of the former is not 


sharp but extends from 765 to 7S6 e . 

Gadolinium Iodide. — Pale lemon-yellow salt 
difficult to obt ain pure. Formed by heating the 
anhydrous chloride at 600’ in a stream of hydro- 
gen iodide, it melts at 926 = C. (Jantsch ei ah, he.). 

Gadolinium Chlorate, Gd(CIO 3 ) 3 ,10H 2 O ; 
perchlorate, Gd(CI0 4 ) 3 ,8H 2 0 ; bromate, 
Gd(Br0 3 ) 3 ,9H 2 0 ; 
iodate, Gd([0 3 ) 3 ,5iH s 0 ; and periodate, 
Gd!0 5 ,4H.0, 

have also been prepared. The two last-named 
salts are insoluble in water (Sarkar, Bulk Soc. 
rh bn. 1926, [ivl, 39, 1390; Ann. Chim. 1927, 
[x], 8. 207). 

Gadolinium Sulphate, Gd 2 (S0 4 ) 3 ,8H,0. 
— Separates from a hot solution" of the oxide in 
sulphuric add as colourless monoclinic crystals 
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isomorphous with ths corresponding hydrated 
sulphates of the other rare earths , its sp gr at 
14 6° is 3 01 The solubility in water decreas 
with increasing temperature being 3 98 j 
Gd,(S0 4 ) 3 per 100 g H a O at 0°C and 2 26 
at 34 4° 

Heating the octahydrate to 400° yields the 
anhydrous salt, sp gr 4 139 at 14 6° Above 
500° decomposition begins, while at 800-850° 
there is said to be produced an oxysulphate, 

Gdj0,S0 4 . 

Gadolinium Sulphite. — Hydrates with 11 
and 12 mol H 2 0 have been reported The first 
is obtained by double decomposition between 
gadolinium nitrate and sodium sulphite while 
the second is formed by passing sulphur dioxide 
into an aqueous suspension of gadohnia until a 
clear solution results , alcohol is then added and 
the solution allowed to crystallise (Sarkar, l c ) 
Gadolinium Sulphide, Gd a S 3 —Like the 
sulphides of the other rare earths it cannot be 
prepared in a wet way but is formed when 
hydrogen sulphide is passed over the heated sul 
phate The resulting yellow solid has a density 
3 8, is hygroscopic and is slowly decomposed by 
water 

Gadolinium Selenate — The octahydrate, 
Gd a (Se0 4 ) s ,8H a 0, is isomorphous with the 
corresponding sulphate and is formed when 
crystallisation takes place from aqueous solu 
tions at 100° , at room temperature the deca 
hydrate crystallises out 

The double salt, Gd a (Se0 4 ) 3 K 2 Se0 4 ,4H a 0, 
has also been made 
Gadolinium Acid Selenite, 

Gd a <SeO s ), H a Se0 3 ,6H a 0, 
is obtained as an amorphous precipitate, be 
coming crystalline on standing, when selemous 
acid is added to the acetate 
Gadolinium Chromate — Interaction of 
aqueous solutions of potassium chromate and 
gadolinium nitrate yields a gelatinous precipi 
tate, slowly becoming crystalline, of a double 
salt, K 2 Cr0 4 Gd s (Cr0 4 ) s ,7H.0. If the alkali 
chromate solution is saturated the precipitate ' 
corresponds to the formula 

6K 2 Cr0 4 Gd a (CrO 4 ) 3 ,10H a O 
Gadolinium Nitrate, Gd(NO s ) 3 — A hexa 
and penta hydrate are known , the former is 
produced when the nitrate is crystallised from 
aqueous solution while the latter separates when 
cone nitric acid is the medium The hexa 
hydrate forms deliquescent tnchnic crystals, 
sp gr 2 332, m p 91° , it is soluble in water and 
alcohol The, pentahydrate yields prismatic 
crystals, m p 92% sp gr 2 406 It is the least 
soluble in mtnc acid of all the rare earth nitrates 
(von Lang and Hsitinger, Annalen, 1907, 351, 
450 , Sarkar, I e f 

Numerous double nitrates have been prepared, 
those with the bivalent metals magnesium and 
nickel having proved useful in the separation of 
gadolinium 

Gadolinium Orthophosphate, 

GdP0 4 5JH a O. 

— Formed as a gelatinous precipitate, slowly be 
coming crystalline, when a cone and slightly 


ammomacal solution of disodium phosphate is 
added to gadolinium chloride solution 

Gadolinium Carbonate. — Carbon dioxide 
passed through a warm aqueous suspension of 
gadolinium hydroxide causes the appearance of 
small crystals which, dried at 100% correspond 
to the basic carbonate Gd(OH)CO s ,H a O. If 
passage of the gas be continued for a long time, 
larger crystals appear which apparently consist 
of the normal carbonate Gd 2 (CO s ) 3 ,13H a O. 

Addition of potassium carbonate to a solution 
of a gadolinium salt precipitates a double car 
bonate, H I C0 3 Gd a (CO s ) l 12H a O 

Gadolinium Formate, Gd(HCOO) 3 —0b 
tamed by concentrating a solution of the 
hydroxide in dilute formic acid, the crystals 
when dried over potassium carbonate are 
anhydrous 

Gadolinium Oxalate, Gd 2 (C 2 0 4 ) 3 ,10H s O 
— Separates in monochmc crystals from a sola 
tion m mtnc acid Sarkar states that addition 
of a cone solution of potassium oxalate to one 
of gadolinium chlonde yields a sparingly soluble 
precipitate of the double salt 

KG d (0,0^,414,0. 

The acetate, malonate, tartrate, citrate and 
salts of many other orgamo acids are also 
known (Sarkar, l c ) 

Gadolinium Dimethyl Phosphate, 
Gd(Me a P0 4 ) s 

— Obtained as colourless needles on crystallising 
a solution of gadohnia m dimethyl hydrogen 
phosphate Its solubility decreases markedly 
with increasing temperature, bemg 37 g per 
lOOg H a O at 0°, 24 2 g at 25° and 6 7 g at 95 
The salt tends to hydrolyse m aqueous solutions 
though this is not serious below 60° (Morgan and 
James, J Amer Chem Soc 1914, 36 10, 
Marsh, JCS 1939,654) 

Gadolinium Acetylacetone, 
Gd(C 5 H 7 O s ) 3 ,3H a O. 

— Separates as a sparingly soluble, crystalline 
precipitate when a slightly ammomacal solution 
of acetyfitcet'one is added’ to a neutral’ suibtiW'Ji 
gadolinium chlonde Recrystallised from chloro 
form and then from boiling alcohol it is obtained 
as rhombic crystals, m p 143 5-145° (Jantsch 
and Meyer, Ber 1920, 53, 1577 , Sarkar, l c ) 

Gadolinium Platmocyanide, 

2Gd(CN) s Pt(CN)„l8H a O. 

— Bed rhombic crystals with a green reflex re 
sembhng the isomorphous platmocyamdes of 
yttnum and erbium , the corresponding double 
salts of the cenum group are yellow with a bine 
reflex 

Other complex cyamdes which have been pre- 
pared are the cobaltlcyanide, 

Gd,[Co(CN) # ]„9H,0, 
the ferrocyanlde, KGd[Fe(CN)„] 6H a O, and 
the ferrlcyanlde, Gd[Fe{CN)„] 4£H,0. 

Bibliography — B S Hopkins, “ Chenmtryol 
the Rarer Elements,” 1923 , S I Levy, “ The 
Rare Earths,” London, 1924, J Vi T . Mellor, * A 
Comprehensive Treatise on Inorganic and 
Theoretical Chemistry,” Vol V, London, 1924. 
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GAHN1TE orZINC-SPINEL. Zinc aln- 
minate, ZnAL 2 0 4 , crystallised' in the cubic 
system and belonging ' to the spinel group of 
minerals. According to the formula it contains 
44*3% ZnO (35-6% Znj, but this is usually 
partly replaced isomorphously by ferrous oxide, 
manganous oxide and magnesia, whilst the 
alumina may be partly replaced by ferric oxide. 
The mineral usually occurs as grey or dark 
greenish- black, opaque octahedra. Sp.gr. 4-5- 
4*9 ; hardness 74-8, n D 1-805-1-818. It occurs 
as crystals embedded in talc-schist at Fahlun in 
Sweden, and more abundantly in crystalline 
limestone with other zinc ores (ic file mite and 
(ranHinile) at Franklin Furnace and Sterling 
Hill in New Jersey. It is also found at Boden- 
mais in Bavaria (with pyrrhotine), Massachusetts, 
Western Australia and a few other localities; 
and has also been observed in the muffles of zinc 
furnaces. The mineral was named in 1807 after 
the Swedish chemist, J. G. Gahn (1745-1818). 

A blue gem spinel from Ceylon containing 
ZnO 18-21% replacing magnesia, and with 
sp.gr. 3-967, n D 1-7465, has been named gdhno- 
spinel (B. W. Anderson and C. J. Payne, Min. 
Mag. 1937, 24, 547). 

L. J. S. 

GAH NOSPINEL v. Gahkxee. 

GAHN’S ULTRAMARINE (Vol.n,2Sa). 

GAIZE (r. Vol. II, 1465). 

GALACTAN- SULPHURIC ACID 
ESTER (v. YoL II, 23d). 

‘ GALACTOCAROLOSE (this Yol.,p. 58a)- 

GALACTOGEN (c. YoL H, 302 d). 

GALACTOSE (YoL n, 2 86a). 

GALACTURONIC ACID (e. YoL H, 
297d). 

GALAFATITE: An aluminium potassium 
sulphate found at Benahabux near Almeria 
and other places in Spain, where it occurs in 
parallel veins from 5 to 6 ra. thick. It is 
white when pure, has a sp.gr. 2-75 and hardness 
3-5. It is treated by calcination, followed by 
lixiviation with water, whereby a solution of 
potassium sulphate and a residue of nearly pure 
alumina are obtained. The calcined ore contains 
60-70% of alumina and 25-30% of potassium 
sulphate (Preus, Eng. and Min. J. 1911, 91, 261 ; 
J. Soc. Chem. IncL 1911, 30, 282). It is evidently 
a form of alunite {a. r.). 

L. J. S. 

" Galalith.” One of the early casein- 
formaldehyde plastics, still manufactured for 
buttons, handles, etc. (B.P. 24742, 1897). 

GALAM BUTTER (r. Yol. I, 6545). 

GALANGA ROOT is the rhizome of 
Alpinia ojjicinarum Hance, a native of China, 
and is employed in the form of a decoction as 
a remedy for dyspepsia. 

Galanga root was first examined by Brandes 
(Arch. Pharm. 1S39, [iij. 19, 52), and was snbse- ' 
quently studied by Jahns (Ber. 1881, 14, 23S5), 
Gordin (Dissert ., Bern, 1897), Ciamician and 
Silber (Ber. 1S99, 32, S61) and Testoni (Gaz- 
zetta, 1900, 30, ii, 327). These investigations 
demonstrated that it contains kaempferide, 
galangin and galangin monomethyl ether. 

Kaempferide, C 16 H 1 .0 (; , yellow needles, m.p. 
225°, is soluble in alkaline solutions with a 


yellow colour and its yellow solution in sul- 
phuric acid shows a blue fluorescence. 

The following derivatives have been prepared : 
Triacetyl-, colourless needles, m.p. 193-194°, 
tribenzoyl-, m.p. 177—178° ; diethyl ether, yellow 
needles, m.p. 137—139° ; and dibrowo-compound, 
yellow needles, m.p. 224-225° (decomp.). 

With mineral acids in presence of acetic acid, 
kaempferide gives yellow cryst allin e oxoninm 
salts, and with alcoholic potassium acetate forms 
a rnonopotassium salt which is decomposed by 
boiling water (Perkin and Wilson, J.C.S. 1903, 
83, 136). 

Kaempferide is kaempferol 4'-methyl ether (I) 
(Herstein and von Kostan eeki, Ber. 1899, 32, 
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318) and this constitution has been confirmed 
by synthesis (Heap and Robinson, J.C.S. 1926, 
2336) as follows : Condensation of benzoylory- 
acetonitrile with phloroglncinol (Hoesch re- 
action) yields co-benzoyloxyphloracetophenone 
(II) which, when heated with anisic anhydride 
and sodium anisate and the product hydrolysed, 
gives kaempferide (I). 

Galangin, C ls H 10 O s , yellowish-white needles, 
m.p. 214-215°, is soluble in alkaline solutions 
with a yellow colour. With acetic anhydride it 
forms a triacetyl derivative, colourless needles, 
m.p. 142-5-143-5°, and with methyl iodide a 
dimethyl ether, m.p. 142 °. It gives crystalline 
oxonium salts with mineral acids in the presence 
of acetic acid, and reacts with alcoholic potas- 
sium acetate to form monopotassium galangin, 
yellow needles (Perkin and Wilson, l.c.). 

When fused with alkali, phloroglncinol and 
benzoic acid are produced ; galangin is, there- 
fore, 5:7-dihydroxyflavonol (HI). It was first 
synthesised by von Kostanecki, Lampe and 
Tambor (Ber. 1994, 37, 2803) by converting 2'- 

hydroxy-4':6'-dimethoxy-chalkone (IY) into the 



MeO 

IY. 


corresponding flavanone, and the latter into its 
isorutroso-derivative. This compound, on boil- 



